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Experience during World War 11 proved that (124). The formation of mass fires depends pri-
mass fires can produce casualties and physical marily upon the prebace or absence of multiple
damage equal to or greater than those caused by ignitions in areas of high fuel concentration. This
conventional high explosives (16).1 The atomic question is academic for multi-megaton weapons
bombs dropped on Hiroshima and Nagasaki start- because susceptible locations will be found within
ed fires that burned a total of more t. 5 square nearly all possible target areas, and the develop-
miles in thn two cities (138. 139). Witi the devel- ment of several mass fires somewhere within the
opment of nuiimegaton nuclear weapons, me initial ignition area is virtually certain.
area -.xposed to immediate ignition and subsequent The problem of whether a mass fire from a par-
burnout has been increased to between 450 and ticular nuc!ear attack will be of the stationary or
1,200 square miles, depending largely on weapon moving arie:y has received only cursory attention,
yield and height of burst (84). Furthermore, the as has the question of how far and how fast such
area over which fire might ultimately spread from a fire might spread from the area of massive ini-
a single nuclear explosion has been estimated to tial ignition. In 1957, as part of the rural fire dam-
be as great as 10,000 square miles for selected age assessment study, the Forest Service prepared
targets during selected times of year (72). The a series of tables and maps for predicting the maxi-
problem of fire damage prediction has consequent- mum extent of spread of mass fires occurring at
ly been receiving greater attention. various times of year in the continental United

The sequence of events following an incendiary States (129). This work wus extended and the coin-
attack is identical whether the incendiary devices putational methods simplified in 1960 (72).
are thermite bombs, atomic bombs, or hydrogen -Aspresently constituted, this method of assess-
bombs. Numerous small fires are ignited to a great- ing fire damage has two limitations: First, the
er or lesser distance around the selected target pt dictions cover only the probable maximum final
area. These small fireb may or may not merge to area of burnout, and the rate of burnout or the area
form a single mass fire. If a mass fire forms, it burned at any particular time cannot be deter-
may remain confined to the area initially ignited mined. Second, the mechanics of the system are
(firestorm), or it may develop a moving front (con- incompatible with the damage assessn-nt system
flagration) and spread appreciably beyond the currently used by civil defense planners to predict
initial ignition area. damage from blast, radiation, and fall-out. In

Much is known about the ignition of urban and addition, some assumptions used in developing.
wildland fuels following small nuclear detorations the fire damage predictions have been questioned
(54). For weapors in the kiloton range, the dis- in recent tcotimo, 'fore Congressional commit-
tances to which fires can be expected to be ignited tees (61).
directly by the thermal flash are knoun relatively In 1962 the Office of Civil Defense, U.S. De-
accurately (101). But ignition radii become increas- partment of Defense, contracted with the Forest
ingly uncertain as weapon yieL! increases. This Service, U.S. Department of Agriculture, and with
uncertainty arises primarily because of the ques- United Research Services, Inc., Burlingame, Cali-
tionable effect of atmospheric .ttenuation at dis- fornia, to prepare a mathematical ilflt.!v of massfir speadcomatil I ilte danv .qg ass.," w.

tances approxi.r titing the optical visibilit) distance. fire spread compatible wt , 0 ..
For a 10-megaton air burst and a 15-rile visi- system. The Forest Service was to isolate and iden-
bility, the ignitio. radius can be variously calcu- tify the specific parametors significant to the spread
lated to be from It to 18 miles, and for a 100- and intensity of mass fires, suggest methods of
megaton air burst, from 17 to 28 miles (82). measuring and codifying these parameters, and

The question of whether a mass fire will be collect specific input data to be used in testing a
produced within the area initially ignited has also predictive model of fire spread. United Research
been studied for both urban rrd wildland targets Services was to develop the models to be tested.

This ih a terminal re-port covering the activities
'Italic nu '7.-s ;n parnthees refer to Liwrature and results of the Forest Seivice part of these

Cited, p. 3, studes.



Scope and Assumptions

This study is confined solely to predicting the 'will not differ essentially from the behavior of
rate, duration, ard extent of spread of mass fires "normal" large-area fires. Calculations have shown
from the area of initial ignitions that may occur that the violent indrafts so characteristic of a fire-
following nuclear attack on the continental United storm can penetrate only from about a quarter to
States. The factors affecting the extent of primary a half mile into the fire area (19). Inside these lim-
and secondary ignitions from a nuclear explosion its, mixing wilh the atmosphere comes from above
are beyond the scope of this paper. The factors rather than laterally. One of the primary charac-
governing the coeal'scence of small fires starting teristics of a mass fire is its ability to produce a
from these initial ignitions into a mass fire are of convection column reaching thousands of feet into
se.ondan, importance to this study and are dis- the atmosphere. Mais fire behavior is often con-
cuqsed only briefly. trolled by characteristics of the upper atmosphere

Certain assumptions are implicit in our approach that have no influence on smaller fires without a
to the problem: well defined convection column. Active fires of

1. Small fires will occur as a consequence of a 600 to 800 acres in heavy fuels often produce
nuclear explosion. convection columns that rise 25,000 feet or higher

2. Fire spread following nuclear attack will be Since about 70 per cent of the mass of the atmos-
controlled primarily by natural factors and will phere lies below this altitude, these fires are ex-
be relatively independent of firefighting efforts. posed to all the factors that are expected to affect

3. The rate of spread of mass fires following fires, no matter how l.'rge. Thus, for fuels in the
nuclear attack will be identical to the rate of spread center of a mass fire a mile or so in diameter, the
of large area conflagrations that have occurred fire is already infinitely large and no new factors
in the past in identical fuel, weather, and topo- are expected to influence significantly the environ-
graphic situations. ment within the fire zone even were the-fire ten

The third assumption requires explanation since or a hun -red or even a thousand times larger.
it has been widely asserted that the mass fires orig- There are numerous, documented examples of
inating from nuclear explosions in the megaton fire behavior in mass fires of this size. One ex-
range will cover hundreds of square miles, a's ample is the Stewart fire near the town of San
area much greater than any fire before experienced. Juan Capistrano, California, in December 1958
The argument further runs that such enormous (fig. 1). At the time this picture was taken, the
fires will also show behavior characteristics and fire covered an area of slightly over 60,000 acres,
rates of spread never before experience, or almost 100 square miles. The massfire in the

Admittedly, n'ass fires within the area ini'ially foregrund scales 1.4 miles across and 0.6 miles
ignited may be larger than any heretofore known, deep, all a. :ively bumniz, at the same time. A\
But we have reason to believe that the spread of second area of mass fire caU be seen in the right
such fires out from the area of initial ignition will background, I mles away from the nearer por-
be governed by the same factors, acting in the same tion of the fire.
way, that govern the spread of other !arge area This situation - several mass fires scattered
fires. Single fires covering hundreds or even thou- throughout a much larger burning area -- will
s-.s of sqare milcs have occurred many times nrobably be more typic-al of the first 12 to 24
in histimry. Az recetfly as 1950, fire burned o ,er hours following nuclear attack than. is the uthe:
almost 2 million acres (3,000 square miles) ea t postulated picture of hundr.ds of square miles
of Fort Yukon, Alaska (80). In 1923 an earth.. going up in flames at once.
quake in Tokyo start.d at least 80 fires within a Within any likely ignition radius some areas
few minutes; the resulting conflagration burned will be free of kindling fuels, some areas will be
out 12,000 acres of central Tokyo (74). Data from shielded from therm.- radiation by hills, and some
such fires should be directly applicable to the areas will be protected from ignition by the
problem of predicting the spread of mass fires screening effect of tree and brush foliage. Thus,
resulting from nuclear !xplosions. sizeabie portions of the target area will not be

Theory also supp,',.ts " assumption that fire ignited immediately. Even within t:, areas initially
behavior in m,,ss fires resulting from nuclear attack ifnited, diffeiences in fu=1 arrangement and ex-
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Figure 1.-Stewart Fire, Cleveland National Forest, California, December 17, 1958.
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posure can be expected to affect the rate of fire the same way as any other wildfire. Though there
buildup, and some areas likely will have burned are obviously some uncertainties in predictifig the
out before .fires in other areas have ni,.g. '& ' rate of outward spread during the first few 4 ours,
form a mass fire. it is unlikely that actual spread will differ from the

predicted spread by more than a mile or two. Since
Even under the most severe situation imagin- there is at least a 4-mile uwcertainty in predicting

able, in which hundreds of square miles of un- the radius of initial ignitions from weapons in the
broken, homogenous fuels are ignited simulta- megaton range, errors in predictions of rate of
neously, the period of active burning will not ex- spread will be well within the limits of error im-
ceed a few hours. Once the central area has burned posed by other components of the damage assess-
out, die remainiLn fire perimeter will spread in ment model.

Determinants of Fire Behavior

Small Wildland Fires this work cali be useful in determining which areas
of the United States will be particularly vulnerable

Research into the mechanisms governing the ig- to fire damage following nuclear attack, and in
nition, spread, and intensity of forest fires in the predicting the most critical times of year for each
United States was begun by the Army Signal Serv- area. But most of the results have been too gross
ice in 1881 (119). Investigations into the meteoro- to be useful for predicting the behavior of indi-
logical determinants of forest fire behavior were vidual fires, and very few of the correlations have
continued by the Weather Bureau after its estab- used synoptic parameters which are themselves
lishment in 1891 and intensified with the organi- predictable on a day-to-day basis (102. 103).
zation of the Fire Weather Service in 1916. As 2. Measurements of fire spread in model fires
early as 1915, the Forest Service began burning burned nder controllcd conditions.
experimental fires under carefully measured con- Although modeling studies have been conducted
ditions to determine the influence of various fuel, sporadically since 1939, this work has been greatly

weather, and topographic factors on the rate of intensified in the past few years following the estab-
fire spread (107). By 1939 serious attempts were lishment of forest fire laboratories in Macon, Geor-
being made to determine scaling laws for forest gia, and Missoula, Montana. Laboratory research
fires by burning idealized forest fuels under con- of this type has done much to increase our under-
trolled conditions in winvd tunnels (41). standing of the mechanics of combustion in cellu-

Considerable literature on the parameters that losic fucis, particularly in defining the properties
affect the sptead of forest fires has been published, of fiels that affec: rate _. sire spread (7, 47). But
most of it listed in half a dozen bibliographies (57, as yet no scaling laws havc been developed that
76, 85, 122, 143).: Nehrly all of it falis in:. one will enable the acc,3rate prediction of rate of spread
of these categories: of large area fires. In view of the extreme diffi-

1. Statistical correlations between n:arious fire culties in modeling heterogeneous fuel mixtures
characteristics and various parameters of fuels, and several of the important atmospheric variables,
weather, or topography. direct application of laboratory results to iarge-

During the past 50 years, analyses have b,'en area fire behavior prediction appeai.s sever.. ye.,
made correlating the occurrence and size of for,'st away (14),
fires with every conr-vable variable from sun- 3. Measurements of fire sp-ead on test fires and
spots (21) to ocean wter temperatures.' Much of naturally occurring fires burning under controlled

conditions.Most of the presen't knowledge concerning rates
Dietrich, J. H. A bibliography on fire behavior, fire of spread of forest fires has come from the thou-

danger, fir effects, and fire weather. 1952. (Unpublished sad of est fires a it me frodfthc that
master's thesis on file at Univ. Wash., Scdttle.) sands of test ies and instrumented wildfires that

Rnbison, D.D. Rei,::an of ocean-surface tempi- have been studied since 1915. One would expect
tures to iirz I'azard. 19.,-. (t w,published master's thesis that such data would be directly applicable to the
on file at State aniv. -f New York, N. Y.) problem of predicting fire spread following nuclear
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:-:tak. Unforainately,. ch is not the case. Each fire auvet.-d more than 300 acres. We found
Three zr:teria have ten commorlv used to an avetage spread (f 0.133 miles per hour; five

,a.c ,; 'ate r spred forest fires: k A . fires (10percent) spieadfasterthan0.33 L'iles per
art. .,owt4 .aczr, .,oer h ,r%: (b) rt'e of perim- nour, End two fires (-I percent) spread faster than
eter increase (chains per "mr); , d (- or, -,.' 1-0 ..:s per hour. Evidently, fires in this fuel
rate of spread of the head )r fastest moving por- type are neither time-Ce ndent nor size-dependent
tion of the fire (feet or ch. is per hour). Figures within the time and site limitsefjnterest. Conse-
on area growth or perimet " increase cannot be quently, it is worthwhile to exanaiiie the factors
t.onverted to linear radial rat ; of spread unless the that are known to affec the rate of spread of small
size and shape of the fire at e beginning and end forest fires.
of the selzcte! t:me oeriod a , known. This prob-
lem is not partcuiarly srriou, r small fires when Weather
.3pread rates are measured fro a point source, but Certain weather elemtnts, particularly wind ve-
tot larger fires over long tim periods, geometry locity and fuel moisture i ontent, have been estas-
poses formidable difficulties : making realistic lished as bciug the primai y controls for the spread
spread-rate conversions (70). of small forest fires. Sevt ral systems of integrat-

Thus, although we have c isiderable data at ing the effects of these ek ments have been devel-
our disposal, we have little inf, mation that i,. di- oped. The most common ,vstems are described in
rectly applicable to the civil de Inse fire problem. various textbooks, such as .hat by Davis (38), and
We can use much of it indirec y, however, and the historical development of these systems has
some of the data are useable if a ear in mind the been reported.4

mistakes inherent in direct apph, ,tion. For exam-
ple, directly applying rate of fc, '.d spread to Fire Danger Rating
predict radial spread .esults auton itically in over- Schroeder (104) has given a particularly good
.stimating fire size, but we belie that -rward account of the way in which a fire danger rating
,ates are useful for establishing 'he effects of system is developed:
%'eather, fuel, and topographic val bles, and for ".'-e relationships between fire behavior and
o termiining the maximum rates which fires the factors that affect it are s complex that no
could be expected to spread. To see f this would system can take all of the fac'ors, such as risk,
bt useful to civil defense fire proble ,. however, fuels, topography, and weatha.r, into account.
,vt first wanted to determine wheth( ?ata from Weather is the most variable ano the most d.fficult
t e l and small wildfires would be a $cable to to estimate. This system was based on weather
larg,,er fires. 7 variables and the resulting rating number called a
, comprehensive study on rates of "ead of 'burning index' so as not to imply that all factors

fire, in California was made by Abell in 140 (5). were included. The burning indx indicates the
He .nalyzed data from more than 9,500 1 i that burning condition ,. wie fuels tue to weather
ocl *red between 1925 and 1937.These dat, Anfw variables.
that the average rate of sprcad of fires bumn in "Since the relationship betwee i the weather
chan-se and mixed chaparral (shrub vegetat, I variables and fire behavior is so ovimplex, it was
types- in southern California ;.I! Tr: " mIC e I, Pecessary to make certain simplify. ,g assumptions
hour; 10 percent of these firus spread 1i ter t, n i. order to de, -o*' a v'."-kable fire Ct7-ger system.
0.34 it iles per hour, and 5 percent spread faster \ "I. Whilk -nero " .,n .,Im.,st .'. r of
than 0.52 miles pFr hour. ,* "d fuel sizes, it was assumr . a: "..re

Thes, data wer obtained by determinitii the jt. N fuels composed of only tnree s.izes:
rate of soread from t,e time the fire was discov.red \< Fine fuels, whose moistt re content
to the t.me the fire was attacked by fire control \changes quickly with chanting weather
forces, r early always in 'ess than 2 hours. We .

decided -o get similar data fer larger fires that
lasted for some time because the fires studied by
Abell were small and th time .y-riods short. We 'Pirsko, A. R. h ry,

elcierninel th forhstorrdevelopment tnd curren
determined the forwird ; ate of spread for 12-!10':L use of forest fire dan, -- trs in the Unite States and
periods foe 50 fir-.t t':. burned in the same acea Canada. 1950. (Uapu, hed matcm s thesis on fil at
and the sa,.ie fuel type a, the fire: ,tudied by Abl.I Univ. oi Mich., Arr. Arb
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b. Medium fuels, whose moisture content mate of heavy fuel moisture.
can be represented by the moirtlire con- "4. Determining the effect of gieen plant ma-
tent of V -inch sticks. teral on the moisture content of the wholc fue

c. Heavy fuels, such as logs, large limbr, complek.
and deep duff. "In grass fuels, Forest S'.rvice fine fuel moisture

"2. While most natural fuels contain combina- figures apply, with adjustments, for percentage of
tions of these fuel size classes, the fire is carried green versus cured content. In brush, it was found
primarily in the fine fuels. Therefore, it was as- that the number of days since new growth can be
sumed that the rate of spread calculated for fine used as a measure of the moisture content of new
fuels applied to all fuel types. brush growth.

"3. Whilc the '.,e intensity in fine fuels certainly "5. Combining the effects of moisture contents
varies, the size of ihe control job is largely deter- of green material, medium fueis, and heavy fuels
nmined by the rate of spread. Therefore, it was as- into intensity factors.
sunld that for fine fuels the rate of spread is an "The fife intlnsityL will increase as medium and
adequate measure of the control job. heavy fuels dry out. When these fue!s are very

*'4. Finally it was assumed that the change of wet, the effect is believed to be such that the fire

ire intensity resulting from the involvement of intensity is actually less than it would be if only
more medium and heavy fuels in the fire is of fine fuels were present. Therefore, the effects of
such magnitude that it will affect the fire control the moisture content of medium and heavy fuels
job. were combiied in one table to give an intnsity

"With these assumptions, the development of a factor.
fire danger system based on rate of spread and "6. Coitining the spread factor and ;ntensity
intensity involved the- following steps: factor into a burning index.

"I. Devising a method of estimating the mois- "The length and width of fireline were used to
ture content of fine dead fuels. obtain a measure of the control job. The spread

"The moisture content of these fuels responds factor is the rate of perimeter increase and can be
quickly to changing weather conditions. The rela- used as a measure of the length of line needed to
tive humidity of the air gives a good indication of contain a fire. The intensity fator is a measure of
their equilibrium moisture content. Therefore satis- the width of line needed. The control job can be
factory results could be obtained by combining thought of as the number of square feet of line
relative humidity with inch stick moisture con- required, or the length of line multiplied by the
tent. width of line.

"2. Determining the effects of fine fuel moisture "The use of index numbers, rather than meas-
content and wind speed on the rate of fire spread tires of the actual rate of spread, intensity, or
and combining them into a spread factor. contiol job allows for application to other than

"A rate of spread formula was developed from the model fuels uriginaiev assumed provided that
theoretical considerations. Data from previous changes in the fire behavio of both natural fuels
wind tunnel fire tests were then used to obtain and model fuels 'ave the same relationship to the
empirical values for some of the unknown factors index number."
in the formula. From the formula, . family of Rates of fire spread and fire danger rating index
curves was obtaiined which represented the rela- numbers are correlated in most fire danget riting
tionship between ft.el moisture, wind speed. and systems. Figure 2 shovs the variation in rate C
rate of spread for fine icls. The latter was chai ged perimeter increase versus 1irc d.ngcz iadcx f,t

to an index number, called 1,,e spread faclor, Ld three commonly used fire ,langer rating systems.
a tabl, was constructc I to compute it.

"3. Determining a method for estimating the Fuels
moisture content of heavy fuels. Fuel characteristics -ire krown to be extremely

"Moisture content for medium fuels can be important in contrc!ling rate of spread in forest

measure" directly front -inch stick moisture con- fires, but systems for integrating their effects have

tent. Heavy fuel moisture and -inch stick mois- been largely unsuccessful.' Although laboratory

ture records were kept qimultaneously and the rela- ' Chandler, C. C. The classification of forest fuels.
tionship graphed. 71 rne liant values were com- 1951. (Unpublished nisters th.si or file Univ. Calif.
bined with rFecipitation records to give an esti- nerLeley.)



studies have yielded much information about the in various fuel types appear consistent. Figure 3
influence of such fuel particle properticq as mis- shows the relative rates of spread of fires in various
ture content (59), thermal absorptivity (26-, "- fuel types in California and in Idaho-,4ontana
cific gravity (46), and particle geometry (12), the under "average bad" weather conditions. Similar
characteristics of the fuel bed, rather than those comparisons have bccn made for typical fuel types
of the individual particles, determine the behavior of the Eastern and Soutnern United States, where
of an established fire (145, p. 819). The associa- the predominance of deciduous trees makes simple
tion of living and dead woody materials of various graphical representation more difficult (125, 126).
sizes and shapes that make up the fuel bed in a
forest fire is extremely complex. Few techniques
have been de ei.ted to measure or even describe Topography
its properties. Consequently, studies on rate of Topography has a significant, though usualiy
spriad ia different tuel types have used only such indirect, influence on the rate of spread of small
gro.:s descriptions as "grass", "brush", and "tim- fires. It contii'ls the amount and timing of soidr
bt,," to differentiate between fuels, radiation reaching the surface of a particular area

An additional difficulty in classifying fuels for and thus profoundly affects the micrclimate with-
evaluating rate of spread arises from the fact that in which a fire will burn (45). Microclimate also
differences between fuels also are weather depen- influences th-it specic3 of plants that will grow on
dent. Beause of the rapidity with which they ab- a particular site, and thus topography may exert
sorb moisture, thin fuels, such as dried grass, will an indirect control on fuel type. This influence of
not support combustion when the relative humidity altitude'and aspect on fire behavior has been stud-
rises much above 80 percent. But once fires in ied exhaustively (40, 60).
larger-sized fuels in brush or forested areas are Slope has a direct effect on the rate of spread of
started, they will continue to spread at significantly small fires. For a fire climbing up slope, the rate
higher humidities. On the other hand, when humid- of forward spread will approximately double for
ities are low, grass fires spread significantly faster each 15-degree increase in slope (131). For a fire
than brush or timber fires. Under extremely dry movi,.g down a steep slope, the relationship is not
and windy conditions, differences in rates of spread so simple. A fire will move more slowly downslope
between fuel types are minimized, than on the level unless burning fuels, such as pine

Nevertheless, under known weather conditions, cones or logs, roll downslope ahead of the main
differences between rates of spread of small fires flame front.

2- 60r--3
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Figure 2.-Relative rate of fire spread, by hurning ielex (;ali fuel types combined).
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Figure 3.-Relative r'ate of fire spread, by fuel types.

Small Urban Fires Urban fire behavior research in the United States
probably began with ,!," ,rk of the National Fire

Research in urban fire behavior was begun by Protection Association. "";. o~j,a:'zaion., founded
Suzuki in Japan in 1928 (109). He studied the in 1896 ('37), publishes tabulations of those weath-
effect of weather factors on the occurrence of fires, er and fuel factors which contribute to conflagra-
spread of fires, and the rate of burning of hygro- tions (37, 90, 91). 'These tabulations are based on
scopic incense sticks. Others also analyzed case case histories of hundreds of fires studied by the
histories of fires to determine the effect of weather Association itself (83, 88, 89, 90, 92), the .,',,onal
factors (1il). This work was discontinued during Br~ard of Fire Underwriters (99) other organi'"

Wol ar1.Attthwaom fire-mod iing tions ofr underwriters (30, 108), interested laymen
of convection (148) and flame shape (94) v~re (8, 31, 49, 86), and the Weather Bureau (35).
started. The emphasis in Japan today, however, is After World War 11, the U.S. Strategic Bomb~ing
still on the study of actual conflagrations for prob- Survey (U.S.S.B.S.) studied the fire effects of the
able occurrence and spread in relation to the incendiary and nucleax attacks on Japan (137, 138,
weather (74).' Such studies are numerous (6, 53, 139) and Germany ("136). These reports have been
58, 62, ;5, 68, 73, 147, 149). analyzed extensively for clues as to how fires might

spread in any future wa'- (16, 17, 78, 116, 123).
The British Mission to Japan also reported on the

SPersonal .c spondence wjih Dr. Saburo Horiuch;, fire effects of the two romik bojnbs in relation to
F'ire Research Institute of Japa~n, Tokyo. April 2'. ts; , 'ossible sintilar fires in Britain (1).
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In 1950 British scientists began studying the rooms (112) and model rooms (114) has been
spread of fire from building to bil;'1g (2 77'. studied to a limited extent. Modeling studies of
Model studies of fire spread inside builrgs *- it mass fires using gas jets have been made by Put-
about 1960 with the work of Thomas (1/2). nam and Speich (98). Fons is now modeling fire

Since 1953 the Forest Service has done consid- spread in small wood .ribs and determining the
erable work on the ignitions of wildland and ex- influence of weather and fuel (44, 48). This type
terior and interior urban fuels by atomic attack of laboratory research, like that for wildland fires,
(28, 100, 128). It has participated since 1957 in is still a long way from application.
studies aimed at modeling areas of burnout after 3. Measurements of fire spread on test fires and
nuclear attack on wildland and urban targets (129). naturally occurring fires burning under controlled
Some pionecr work on a fire occurrence rating conditions.
svsten for cities was done by Pirsko and Fons in Only in Japan have radial rates of spread of
1956 (96). In 1961 Fons began fire model studies actual city fires been related to the controlling vari-
ty" buning liquid hydrocarbons (43) and, later, ables of wearinr, fuels, and topography. The works
crib fires (48). of Hishiua (62) and his successor, Hamada, are

Thus, considerable literature has been published considered the most reliable.- Hishida found that
on the parameters affectingthe ignition and spread wind speed was the most important factor in pre-
of urban fires. Nearly all of these data fall, like dieting forward rate of spread of city fires as well
those for wildland fires, into one of three cate- as spread to windward and the flanks.
gories: Hishida also recognized the effect of synoptic

1. Statistical correlations between various fire weather conditions,.climate, topography, and types
characteristics and various parameters of fuels, of construction on rate of spread. Forward rate of
weather, topography, or location, spread in buildings of flimsy construction was comi-

In Japan, several investigators have made cor- puted as 40 percent greater than in buildings of
relation analyses of number and size of fires as ordinary construction. Hishida based an urban
influenced by particular aspects of weather, fuel, risk rating system on this data and proposed a tn-
or season (58, 73, 109, 111, 147). Much of this tati%- urban fuel classification system. Horiuchi
work has been useful in determining which areas developed a formula for estimating the capacity
are vulnerable to fire and in predicting the critical of the city fire department (65) based on Hishida's
times of the year for each area. But most of the spread data.'
results have been too gross to be useful in predict- rhe U.S.S.B.S. reports for World War II con-
ing the behavior of individual fires. Also, fewv cor- tain no data on rate of fire spread. Some give the
relations have used synoptic parameters which are final fire perimeter or the limits of fire spread, but
themselves predictable from day to day. Of course, usually the ignition area is very uncertain. Fire
quantitative results of analyses such as these would researchers in Jap,,.- ,,nsider the data taken by
not necessarily be applicable in the United States. their own people our;:g the .etacks ind subse-

In the United States, statistical analyses of urban quent fires and the U.S.S.B.S. data so unreliable
fires-are confined almost excuisively to irequency that they do not use these data in their own studies
distributions of number and size of fires by months, (74).1 However, the information has value to us
season, cause, locality, or similar ;ategories (37, in indicating limits to which fires in similar fuels
90, 91). Such tabulations are satisfactory for their and weather might be expected to sprema,
intended purpose but are of little use in predicting Fire data in the U.S.S.B.S. reports for Gcrzr.u':
rate of spread. The most useful U.S. rese irch of are also incomplete and sometimes unreliable (7Y).
this type related frequency of building fi.es in
selected citiec to reatiye humidity in summer and
dewpoint temperature in winter. It found no sig- See footnote 6.
ficant correlations with wind, rain, or snow (96). 'We might wone.. why the Japanese are not study-

2. Measurements of fire spread of model fires ing urban fires and are sp ead from the standpaint of de-
burneJ under carefully controlled conditions. fense against possible nuclear attack. The answer is that

the thought of another nuclear experience is so repugnant
As yet no complete urban fir spread model is to the public that research agencies cannot get support

reported in the lite-.-ture. Some theoretical comu- for such work even though it might be prudent to start
tations on beha'i;r c-f .1ires in buildings have heen such investigations. (See footco't 6.;
reported 113), and spread of fire in inditial 'Sec tootnote 6.
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The area ignited initially is usually poorly defined lowest rate of the three directions of spread. Rates
on the fire maps, although the final fire f 1-r er of spread to windward and leeward level off after
is sometimes distinct. Because the larger ci.tie- were about I hour elapsed time from origin for all wind
partially burned on many successive raids, accurate speeds. This result is expected because fire is less
fire maps were difficult to produce. actively burning in these o'. o directions. Hishida's

results agree reasonably well with observations on

Ignition both small and large urb=.n fires in the United
States.

Although one assumption of this study is that
fires will be burning and wiil spread, a word on Weather
ignition of city fiv:s is ir. order.

It % fairly well established that the number of Most investigators agree that surface wind speed
uian ir- starts depends heavily upon interior fine is the most important weather factor influancing
fuel oyness and that fuel dryness depends upon the spread of small urban fires (62, 73, 111, 149).
the humidity of the air in the building (58, 96). Once a fire in a building breaks through the roof
Forest fire occurrence is also closely related to fine or windows, iik spread is largely wind controlled.
fuel dryness (104), although fuels in these in- The moisture content of the flammables in the
stances are in different forms. Pirsko (96) has building and the wetness or dryness of the cxte-
found that in several American cities summer fine riors of the building and adjacent buildings have
fuel moisture and fire occurrence are closely re- some effect, but these are second-order determi-
lated to relative humidity, but that in the winter nants. Studies of the incendiary attacks on Japan
there is no correlation. Instead, during the winter, during World War 11 (16) showed that precipita-
fine fuel moisture and fire occurrence are closely tion had very little effect in reducing fire damage.
related to exterior dewpoint temperature. For these As Nathans (16, pp. 143-144) put it: . .. How-
and other reasons, fire seasons in urban areas and ever, these factors (snow, rain, and generally moist
forests do not usually coincide. There is no fire conditions) did not offer the serious handicaps
occurrence rating system for cities as there is for that hie been supposed." Sanborn (16, p. 178)
forests (104). wrote: "When the weather had been damp or

According to the U.S.S.B.S. reports, the major snowy prior to the attack, the attacks were found
influence of wet weather on fire raids on Japan to be slightly less effective. When attacks were
and Germany was in reducing initial ignitions carried out during rain storms, the damage aver-
rather than impeding fire spread. aged 20 percent less than normal ..."

Rain fell heavily for a week before the fire raid
Spread on Oita. Japan, and it was raining during the at-

tack. Yet the fires sp -', both from flames and
Once a fire has started, radiation and other fac- from flying embers. Ma..' otrnr night raids un

tors determine how it spreads inside the roor' from Japanese cities during wet or snowy weather
rorm to room, and from building to building (106). caused vast spreading fires. In no case did rain,
From the work of Hishida (62), we. know that the snow, or a wet target prevent the success of the
forward rate of spread of fires in small Japanese bombing mission.
cities of ordinary construction increases at a de- In the opinion of the fire chiefs of 17 .trge
creasing rate from origin to about 1 hour for all American cities interviewed during the prese-,

wind speeds. At wind speeds of 15 miles per h ur study, fiies spreading from nuclear attack in their
or less, the rate of spread levels off at about 1 cities would be slowed down only slightly by wet
hour from origin. At wind speeds of about 40 weather or wet fuels in the absence of fire fighting.
miles per hour or greater, rate of spread continues In their experience, high wind is the most im-
to increase for more than 2 hours. Spread rate portant contributor to conflagrations. Wide spac-
increases exponentially with increasing wind up ing between buildings would be the most important
o 55 rr.,!cs per hour for all fire durations. Of factor in stopping fires, they suggested.

course after 2 hours or longer, a fire burning under A counterpart to the fir. spread index for forest
such conditions cout no longer be classified as fuels (104) that integrates the 'influne of wind,
small. Rate of sp'ead va windward and to the humidity, and other we. her 'iemcnts has not been

flanks is also known (62), the former having ti: L.veloped for urban fuels.
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Fuels area, and thus exerts a significant effect on the
The characteristics that are import:- ir' d- - climate near the ground within which a fire will

mining the spread of fire in smal groupi ;r -- burn. Aspect is important in determin;ng how
ings are height, width, type of construction, wi.Joi; exposed forest fuels will bum, but it appears

area, and separation from adjoining structures. In doubtful that it has much effect on protected urban
small fires, spread is by radiation, direct impinge- fuels.
ment of flames, and short distance spotting from
firebrands. The fire is influenced 9oly by surface
weather phenomena. As the fire grows, flames from Large Wildland and Urban Fires
many burning buildings merge, a tall convection
column forrrs, and a mass fire ensues So far we have described only small fires burning

Theoretical and experimental studies have been for an hour or two after starting from a point
c,,r.dcted in Japan to determine the flame charac- source of imition and influenced primarily by sur-
tc~istics of burning structures and ignition char- face weathei" r!)enomena. Much less quantatve
acteristics of exposed structures to determine safe information is available on the factors controlling
clearances between buildings as a basis of fuel the spread of large forest and urban fires.
typing (53). From analyses of fire raids on Ger- As a fire increases in size and intensity, addi-
man cities, Bond (16) and U.S.S.B.S. investigators tional factors influence its rate of spread. Even
(137) constructed curves of probability of fire the mechanism of spread may change if spotting,
spread versus width of firebreak. Their v,ork has or the mass transfer of burning materials ahead
not been checked experimentally, of the main flame front, occurs.

Most of the 17 fire chiefs interviewed believe Although we do not know enough about the
that a simple land use ciassification system, such factors affecting the spread of large fires to in-
as those already in use in some urban areas (3, 4) tegrate their effects and thus prepare a "large-fire
or that davised by Chandler and Arnold (28), danger rating system," many of the factors have
would indicate with reasonable accuracy the rela- been studied more or less intensively. Merely
tive probability of fire spread. In general, such unc-rstanding their qualitative effect on rate of
classifications reflect most of the factors recog- spread can help in predicting the probable fire
nized by the National Fire Protection Association consequences of nuclear explosions.
as contributing to conflagrations (37, 91). Impor-
tant factors include flammable roofs, wind, cx- Convection
treme dryness, aitd flammable constructior.

Probably the most striking phenomenon of large
forest and urban fires as contrasted with small

Topography ones is the increase in convective activity and

Among topographic factors, slope probably has development of a Luavection column of hot easses,
the greatest influenic on rate of spread of urban water vapor, and bmoke reaching thousands of
fires. Most larger cities usuaity lie on level areas or feet into the atmosphere. In fact, the extent of
on gentle slopes. During the San Fanclsco earth- convective activity over a fire is a much better
quake, the fire was observed to atcelerate when it indicator of fire intensity than is the size or surface
started up Russian Hill (99). One account of the area of the fire itself. Figures 4, 5, 6, and 7 illus-
fire following the atomic bomb attack on Nag?. trate various types of convection columns.
saki mentions fircs "sweeping up hillsides" (139). Once a convection c.Iura: 'iaz ior.:cd
In the Bel Air conflagration, fire acceler-,eo up fire, characteristics of ,!.c upper atmosphere begin
hillsides through .esidences and brush alikz. We to influence the directioc and speed of fire spread.
do not know if the increased spread of a forest Embers carried up into the column are transported
fire moving up slope -doubling for each 15 de- by upper level w:-ds %tich may differ drastically
gree increase in slope (131)- applies to cities. in both speed ,d direction from those at the sur-
A fP rst fire will move more slowly downslope than face (144). In addition, the convection column
along the level, and this relatioiship probably also itself, because of its difference in temperature and
applies to urban ', es. density from the surrounding air, acts as a semi-

Topography co.r,,ls 6ie amount and tim;ig of solid barrier an-' cause- iecl-aical turbulen.." in
solar rtdiation reaching the surface of a -:ven the w, rrd field around the column. Byram (:5) has
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Figuare 4.-Towering convection column typi-
cal of fires burning in an u. .able atmom
phere with light winds aloft. Jameson
Fire, Cleveland National Forest, Califor-
nia, August 31, 1954.

Figure 5.-Flattened convection itlunm typical of fires burning beneath
an inversion. Haslett Fire, Sierra National Forest, California, October



Figure 6.-Tilted convection column typical of fires burning in a condi-

tionally stable atmosphere with moderate winds aloft. Los Angeles
County, California, September 22, 1957.

Figure 7.-Tilted convection column typical
of fires burning in a ce",ditionally stable
atmosphere with moderate winds aloft.
San Francisco, California, April 20,
1906.



Figure 8.-Cumulonimbus cloud over Bussum, Netherlands, June 17, 1948.
(Photo courtesy of Royal Netherlands Meteorological Institute.)

"Al/
Figure -Convection column of /Jasin Fire, Sierra National F-,rest- Call.

fornia, July 16, 19-61.
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developed a formula w'ich shows that when Air Entrainment

Knowledge of air entrainment into fires is of
vital importance for predicting whether a mass

I > p(v-r)' fire will be of the firestorm (stationary front with

C,(To+459) 2g inflow from all direc.3ns) or the conflagration
(moving fire front) type. Qualitatively, much can
be deduced about air entrainment fl 0 ). But quan-
titatively, results of extrapolation of convective

then the kinetic energy output of a fire is greater flow from fire modeling experiments are highly
than the. rate of flow of kinetic energy in the wind dependent upon the'assumptions one makes re-
field in a neutrrlly .table atmosphere. In this equa. garding the interaction of radiation and flow (67).
tion, I is the fire intensity in BTU per foot per Results from test fires and wildflres have been
siponJ. C, is the specific heat of air at constant inconsisten . Usually, light indrafts have Feen ,,.-
pr,.ssure, T. is the free air temperature, p is the served ( 1;), -,nd wind speeds measured in the lee
aur density, v is the wind speed, r is the forward of the fire have been lighter than the wind speeds
rate of spread of the fire, and g is the acceleration measured on the windward side or the flanks.
of gravity. Studies of large fires have shown that This difference indicates a vectoral tendency for
when these conditions are met, rate of spread is air entrainment from all sides of the fire. But
indeed independent of surface wind speed. In occasionally outdrafts have been observed from
theory, spread should then become dependent on both stationary (117) and moving (33) fire. These
winds aloft, but there are, at present, too few outdrafts tend most often to form on the Ice side
measurements of upper winds in the immediate and are apparently uncorrelated with fire size or
vicinity of large forest fires to support fully this fire intensity. Strength of the outflow seems to be
view. directly related to the free air wind speeds, but

When high velocity wind; occur within 1,500 whether outdrafts will or will not occur appears
feet of the surface, large fires %ill spread rapidly in to I independent of weather conditioz.s.
the same direction as the winds (23). However, Certain topographic features that produce natu-
this phenomenon can be explained by translation ral wind channels also seem to produce fire orut-
of momentum to the surface through turbulent drafts that can have a very pronounced effect on
mixing in the lee of the convection column. rate of spread. In one brush fire in southern Cali-

Evidence of effects of winds at higher levels, fornia, wind speeds at ground level ahead of the
such as the jet stream effects postulated by Schaefer fire were measured at 27 miles per hour while
(102) seems, as yet, unconvincing, winds at the side and rear of the fire were 12

Although the convection column of a large fire miles per hour or less.
does affect fire spread mechanically, it does not Another fr-, in ...ukr, spread 10 / miles in
act as a chimney for the unimpeded flow of stack 2 hours. Observers in ,.-nt of the fire reported
gases as has been popularly assuanid. &,nvction gale force wines blowing out of the fire, but winds
columns are similar to other atmospheric convec- measured at some distance from the fire zone
tive cells, such as thunderstorms, -hose dynamics never exceeded 7 miles per hour. Figure 10 pie-
are reasonably well understood (22). Indeed, it is tures a wildfie in which outdrafts are evidently
often nearly impossible to distinguish between a blowing from the head of the fire. The oak tree
fire's convection column and a cumulus cioud in the center of the pict.rc is -'--ut 40 fec: I
(figs. 8 and 9). Although completely t npredictable at present,

Work on air en-r'inment into fires by GrLmer the phenomenon of incre,-sed airflow out of a fire
(55) and studies of the firestorm at Hamburg by may be a common feature of larger fires. Observz.
Ebert (39) both confirm that a massive convec- tions made directlv in front of mass fires are
tion column is a result, not a cause, of increased understandably f-w, but nearly all eyewitness ac-
convective activity. Convection column formation counts mention high winds. Even during the fires
depenw simply upon the efliciencv of the fire as following air raids on Leipzig and Hamburg (listed
a heat source and upon the vertical distribution of a. iassic firestorms), .uccessful firefighting was
temperature, moist , e. Pnd wind flow that dOt.- possible at selected locations on :,c perimeter, and
mine all types U atmospheric convections, heavy stsoke w- reported outside the fire area in
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Figure I0.-Nicsol Fire, Cleveland National Forest, California, .uly Ii, 195R.

some places. T'hese circumstances indicate that forest fires' and has been postulated as critically
hurricane indrafts could not have "'-n uniform important in firestorm formation (39) Undler an
and continuous around the entirc perimeter. Anal- unstable lapse rate, vertical motions are acreler-
ysis of wlrtime fires leads to the conclusion that ated. Therefore the cc-avection column trausports
the stationary firesj-rm is virtually limited to situ- more and larger piects d'f buming niouciia w.
ations of fuel and wreather in which normal firc higher levels. If an unstab'2; lapse rate is combined
spread is impossible (17). Under coniditions in with high wind shear, as owirs during the passage
which ordinary ffi=e would be expected to spread, of a dry cold front, conditions are at the optimumi
mass fires will be of the conflagration type. for firebrands to be -Arried long distances (24).

Other combinaticx_ of stability and wind in the

Atmospheric Stability lower atmosphere are associated with particular

Atmospheric stability is th.- tendency of the air "Reifsnyder. W. E Atmospheric slibityi and forest
to resist or encoun'. , vertical motion. It is k~now,. fire behavior. 1954. (UnpublisW,~ t. .aM dissertatio cn
to be an hajx~rtant parameter affecting larg. file at Ya~e tiv., N,. H=;mn Cc,=n)
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fire behavior characteristics (10). Because adequate by Bond (16J and, slightly modified, by others
three-dimensional maps of temperature and wind (I5) as the most important factor in determining
distribution are difficult to prepare, the misi 1- whether a firestorm can develop following nuclear
able method of developing prediction systems for attack.

these fire phenomena is by correlating them with
predictable synoptic patterns (69). Such an ap- Topography
proach is being undertaken by the Forest Service Topogaphy, in its strict dictionary sense of sur-
and the Weather Bureau (133). face configuration of "shape of the country," is

undoubtedly an important factor in determining

Fuels the rate of spread of lage fires. Unfortunately, the

in high int :, ity mia.s fire,, total weight of fuel subject has not yet been systematically researched,
becomes of greater relative importance than the and it is difficult even to classify topographic types
factor of size, distribution, and arrangement that in a meaningful framework for fire behavior
art so critical to the spread of small fires. As fire studies. There are strong indications, however. thc
intensity increases, burning time for a particular for periodo of 2 to 3 hours, rate of fire spread is

piece of fuel decreases. Consequently, the rate of greatest in mountainous or broken topography but,
heat output per unit of fuel of a given size is great- for periods of 12 to 24 hours, greatest on flat or
er; larger-sized fuels contribute a greater prcor- gently rolliig topography. The difference probably
tion of the total fire energy, and the percentage of arises because mountainous country has -nore steep
fuel involved in active combustion at any given slopes which cause rapid fire spread, but also more
instant is much greater. The net result is an ex- breaks or barriers which retard spread for long
tremely rapid burnout and nearly total consump- periods.
tion of all combustible material. Topography is particularly important in consider-

Fuel classification systems based solely on fuel ing fire spread followirg -nuclear attack since hills
weight should give much more consistent results in will provide shielding from thermal radiation and
predicting the behavior of large fires than of small result in uneven ignition within the theoretical
ones. The urban fuel factor of "buiitupness" (ratio igniti a radius. Fire spread in such instances will
of the area covered by buildings to total ground be affected by ignition pattern. The differences in
area) has been used as an expression of total fuel behavior between the Nagasaki and Hiroshima fires
weight in cities. Although it ignores building height have been attributed largely to shielding by the

and construction type, this factor was mentioned hilly country around Nagasaki (61).

Requirements for Predictive Model of Fire Spread

Before attempting to specify the type of data parameters to be used as inputs in the predictive
that must be collected to pr.dict fire spread fol- model.
lowing nuclear attack, we must know the output For post-attack damage assessment, on the other
requirements of the proposed prteiction system hand, the greatest requirement is that accurate
and the use to be made of the output information, current information be obtainable. In eithfr actual
Two general types ef use and three levels of output or simulated situatio:s, totally new parameters -!n
detail have been catablished as having pc tential be. considered - provided ht hthe inoe, zzAa ladO. ".n

value fer civil delense purposes (95). Jire spread be collected quickly enc-.gh and at enough loca-
predictions ?xe ueeocd for pre-attack planning and tions to give the desired d, gree of accuracy.
for post-attack indirect damage assessment. For At a national level, the model output can give
either purpose they may be needed on a national, fairly gross inform?: on or. fire spread and still be

regional, or local level, acceptable, if c-,s of prediction are unbiased.
Fo ire-attack planning, a broad base of histor- Inputs based on existing data on fuels, weather,

ical records must be available fri all variable fac- and topography should be sufficient for adequate
ton- so that plans an be made on the basis ot fire spread prediction o.1 a national scale, either
calculated proh'.i'ti.,,. 'Pius, the availability of for planning or ',r r3o.t-attacl assessment
data becomes a primary consideration in se!ec',-'g At a r-gionai leve, a scnewhat greater degree
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of detail and accuracy ;s required for both input must predict fira spread from an individual detona-
and output, particularly for critical areas within tion with a high degree of accuracy. Very few
the region. But again, the predict.d - , !ro,, areas of the country have made the intensive land-
any one nuclear explosion may have iirly . ie use and climatological surveys that would be re-
limits of error, if fire spread predictions are .ccu- quired to provide input data (120). In addition,
rate for the attack as a whole. For most regions of it is questionable wh,.her the current statts of
the United States, there is sufficient input data knowledge about fire behavior is sufficient for the
available for pre-atack planming. But additional construction of a useful model designed to predict
comunications procedures for obtaining weather the rate and extent of individual fires. For post-
information and some extensive fuel surveys will attack evaluation, fire behavior specialists could,
probably be required for post-attack damage as- prepare detailed predictions based on their expe-
sessment. rience and available information by using regional

Local use of a fire spread prediction system will fire spread prediction, as guidelines. This approach
itcL: the most sophisticated modeling techniques. has provedi highly successful in predicting t-
Irput data must be very detailed, and the output behavior of are forest fires (29).

Data: Availability and Needs

For any predictive model of fire spread, all input trre (121) contains older but more deta-ed and
parameters can be assigned to one of three general larger-scaled maps of the natural vegetation.
classes: fuels, topography, or weather. Although Except for the largest cities, urban areas would
this project collected only the data required for one show up only as small dots on even the largest
specific model, we did survey the availability of phytogeographic maps of the United States (121).
other type of data within these three broad cate- If cities were important to civil defense only in
gories A generalized study of the availability of prop-rtion to their area in the United States, most
environmental data has been prepared by the U.S. cities could be ignored for predicting fire spread
Army Corps of Engineers (118). on a national scale and the broadest sort of land

Fuels use classification would suffice for characteriz-
ing fuels in the large cities. However, cities are

Information on fuels, per se, is almost coin- what we are most intererested in protecting. For
pletely lacking excei.t for the specialized coverage national use, the small-scale, general land-use maps
provided by the SaLborn Maps (37, p. 617) for available (64) for most cities in the United States
certain urban ureas aid by the fuel-type maps with 25,000 or more population, should suffice.
prepared for selected National Forests (66). Much Scales of these maf ... ally are la,ger than 1,000
of this coverage is badly out of date. However, fc.t per inch, and the -'.p ts cuntainel on one or
when properly interpreted, data on Iand-,se classi- two page-sized sheets of paper. Usually there are
fication and vegetative distribution can be convert- 5 to 10 categories of land use. Most cities also have
ed into broad but meaningful fuel classifications, zoning maps; although these maps show desired

Several adequate sources of phytogeographic or planned, rather than actuai iand use, they could
coverage are available for national use. On the be used with small loss in accuracy in %7.t lack-
broadest scaic, "Major Land Uses in the United ing a land use map.
States," a map prepared by the Bureau of Agri- At the regional level, the soil-vegetation maps
cultural Economics (R1), can be used to del-eate of the U. S. Department of Agriculture (130) and
cropland, arid and semiarid areas, alpine zones, the timber type maps of the Forest Service" are
and major conifer and hardwood forest types. excellent sources for fuel typing. In addition,
Similar but more recent coverage is being prepared agricultural and otner special land-use maps are
by the University of Kansas for publication in late usually available Lor the appropriate department
1063 r 1964." The Atlas of American Agricul- of the various states.

11 Kuchler, A. W Natural vegetation of the Tjnited_
States. (In preparat fo' publication, Dept. of G: /2. Vegetation t- and foctst ron.ition maps. U. S.
raphy, Univ. -f K nsas, M(,.) Forest Smer ice, Wash , g. ^, D.C.
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Most cities of 25,00" f"opulation or more (of areas of the continental United States are easily
which there are about 480 in the United States) obtained. The current status of both topographic
have a fairly large land-use map salt- to t,WOy mapping and aerial photography can. be ascer,
feet or less per inch. These maps wou.d p.-: tained through the U. S. Geological Survey or
satisfactory detail on a regi-na level. For het"rily through the National Atlas of the United States
populated cities, such as New York, maps may be (134,135).
as large as 8 by 8 feet and have great detail and But unlike fuels, topography cannot easily be
many use categories. Generally, however, map categorized into classes with both a quantitative
sizes and number of categories are very similar and a universally recognized meaning. 'his prob-
from city to city. Zoning maps generally are avail- lem is of concern to several agence,s and ,
able and,. though less accurate, can be used to work on terrain analysis by the U. S. Army (75,
classify fuels it Iand-use wap; ire quite dated or 146) may eventually result in an acceptable classi-
non-erdstent. fication system.

Imrz-scale aerial photos (that is, photos repre- !n the meantime, such classificatk.ns as "br-
be),.ting few feet on the ground per inch of photo) ken" or "rol'i-. " should be sufficient for fire spr-ad
rrobably are not necessary for classifying fuels models for nat.onal or regional use.
on a regional level. But in most cities of 25,000 Topographic maps usually show enough fea-
population or more, prints of vertical or oblique tures of the cities to give an idea of the land use.
aerial photos of the city. sometimes in color, taken Unfortunzlely, most of them are rather old and
by some professional or amateur photographer, the city features out of date. Most larger Amer-
can be obtained. Often they appear on large sou- ican cities are situated on relatively level !and, so
venir postcards. These photos can be useful for that topography would not be a factor in fire
checking building characteristics, street widths, and spread. However, some cities contain hills where
other information as an aid to rating fuels. topography could be a factor.

To be useful on a local scale, fuel mapping must
be intensive and should be repeated periodically
in the rapidly changing urban complexes and Weather
newly developing suburbs. The most feasible
method of type mapping in fine detail is through Climatological data on the important surface
the use of aerial photographs (see Appendix A). weather elements are available in almost embar-

Sanbonm Maps used in conjunction with vertical rassing profusion. The Weather B.;-- au alone has
aerial photos probably would be the best source more than 12,000 weather observation stations in
of data for typing or rating urban fuels on a local its climatological station network (140). Addi-
scale. Sanborn Maps are designed for the use of tional weather observations are taken regularly by
fire insurance underwriters. They show the loca- the mUiltary services, by federal and state forestry
tion, physical characteristics, and use of most agencies, by air poll ".- control di',tricts, by uni-
buildings in nearly all cities with populations of versities, and by priv-,. uaastrial, agicultural,
2,000 or nore. The maps of 're larfer cities are and aviation groups. Measurements of pressure,
revis-d once a year. The maps are in the form f temperature, and humidity patterns in the upper
atlases, averaging four blocks per page, and avail- air are available from 137 locations, 64 of them
able at scales of 50 feet and 100 teet per inch. within the continental U. S. An additional 290
Aerial photographs and photo mosaics have been stations make routine measurements of up-,er air
made for all ur par, of many cities since World wind velocity and direction.
War II. Some urban areas, such as Metropolitan For national use, the "4-hour Climatic Net-
Dade County, Florida. have made enlargemnts work (consisting of 179 First Order Weather
of aerial photos into adas form with one 30- by 30- Bureau and U. S. Federal Aviation Agency sta-
inch page coverit-; approximately a 4-city block- tions) rovides a well spaced grid of observing
area. stations with uniform standards of observing, com-

piling, and reporting surface weather data. Hourly
Topography observations of precipitation, temperature, dew-

ol-at, reative humidity, ind direction and speed,
ceiling, and visibility are av.ilabl, either in pub-

Detailed, 'ccrate .opographic maps of mckt lished form or on pur,:hed cas. Upper air data
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are also available, both in published form and on spread and other variables. Consequently, the cri-
pupched cards.2' teria used to select the. data are probably more

Additional weather coverage should be ontame stringent than necessary for simply testing model
for predicting fire spread at the regional leve:. outpui. For this and other purposes, data from
Surface observations from military stations, FAA several other sourccs are .-vailable.
stations, and fire-danger rating stations operated For example, a fire report that includes the
by state or federal forestry agencies can provide area of fire at specified time periods is prepared
an adequate data base. However, instrument ex- for every fire of 10 acres or larger burning on lands
posure standards, observation times, and reporting protected by the Forest Service (132). Similar
procedures 6iffer between agencies. The data records are kept by other fire prototion agencies.
should be stand fr,;zet before bcing combined for These records provide data on the rate of spread
use 9s inputs for predicting fire spread. of small fires and the initial stages of larger fires.

E.istir, upper air stations are adequate for Data on the spread of large forest fires over longer
re;io;al use, except in the Western United States time periods can obtained only from the narra-
and mouatainous regions of the East. In moun- tive fire reports that are filed in the local offices

ttmous country, significant variations in upper air of the protection agencies concerned.
patterns have been noted over distances of 200 otxcasionally, specific information on the rate of
miles or less (27). Most upper air observation sta- spread of historic forest conflagrations has been

ions are located near the large population centers published (11, 56, 97). A thorough study of the
of each region. Consequently upper air data will reports on early fires might be valuable in deter-
be more accurate for maay civil defense purposes, mining the upper limits of fire spread under the
particularly in urban areas, than might be expected most unfavorable conditions.
from the relatively small number of stations. Data on wildland fire spread may be avatiable

For fire spread prediction on a local scale, in- from other countries. Australia, Argentin'e, Chile,
tensive climatological surveys should be made for and parts of Africa have areas where the fuels,
each area of interest. Rate and direction of fire climate, and fire history are similar to those of
spread for a particular fire often depend as much parts of he United States. Australia is a particu-
on local weather patterns as they do on synoptic larly promising source of data. It has a serious
weather features (34). Accurate prediction of the forest fire problem and a long established fire con-
behavior of an individual fire, wildland or urban, trol and fire research organization. Data from
requires accurate data on these local weather Australian records probably could be applied di-

patterns. rectly to American conditions.
In general, urban fires are not as well docu-

Fire Spread mented for rate of spread as are forest fires. Rec-
Although fire spread data are the outputs, not ords or local fire dtp ,n.-nts usuall., show the

the inputs, of the mathematical models, some in- time the itie started, wl - c..rJled, and tl,,:
depend~ent measurements of fire spread are needed number of buildings involved, but they include no
to test te models. The data presented in Appen- maps or other indication of the location of the fire
dices D and E were collected for another purpose: front at specified time intervals. Urban fire reports
to determine the relationships between rate of stress cause, equipment used, and monetary dam-

age. Very few fire departments keep their :,,%,rs

' Published surface weather data can be found in ., punch cards, and it is therefore time consum
Local Climatological D..a and Local Climazological Doa ing to summarize number of fires and fire charaa-
(supplement), issued mundtly for each reporting statio., teristics for special studies.
by U.S. Govt. Printing O&,, Wash.. D.C. Data contained The Fire Record Departmunt of the National
on the surface weather rards are found in WBAN 1. Fire Protection Assod:aion has a special I-page
ihourly surface observations. See Reference Manual 144
WBAN 1 1945, Weather Bureau Climatological Services Fire Report which it seuds to the local fire chief

Div., National Weather Records Center, Asheville. N.C. whenever it hears tha. the city has had a large or
Pubished L, per air dat are in Chmatolgical Data- unusual fire. UOually these are spreading fires.
National Summary, issued monthly by U S. Govt. Print- Space is provided on the form for sketching a fire
ing Office. Wash.. D.C Upper air data are kept on severl mg
card decks. See Referencc anu-!r WBAN .515, 542. 544. map and recording weather condition;. Short case

545. & 645, Weat-r jaicau ct.matc!ogical Services Div. histories of most larger fres xe published in the

National Weather Records Center. Asheville. N.C. N -. P.A. Quarterly, often with fire naps How-
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ever, only rarely do the,c ac:ounts contain enough In recent yeas, many of lie largest urban con-
information on time and distances to compute flagrations in the Western Hemisphere have oc-
rate of spread. They describe fuels in . 'eta: cuffed in Canada (105). Unfortunately, very few
but usually do not include weather da'a. Ai.r published reports are available on these fires.
very iarge conflagrations or very damagirig smaller
fires, either the N.F.P.A. or the National Board of Urban conflagratior: continue to occur in the
Fire Underwriters, or sometimes both, will send United States. Many of these could furnish valu-
a special team of investigators to study and pre- able information on rate of spread if an effort were
pare a detailed report on the fire. These reports made to obtain these data. Urban fire reports could
are the best source of time and distance cata for easily be extended or revised to require noting or
computing rates of spread (9, 71, 83, 87,. 99). mapping the fire perimeter or at least the rosition
Many excellent rtorts that contain cnough infor- of the head at specified times. The N.F.P.A.'s
ue1tiin to compute rate of spread have been w;rit- Fire Report could be revised to make more specific
te, by laymen and are available in libraries (8, requirmmenz for times and dist'nces for :z
6?, 86). spread. W",th-:r data during the fire usually is

Although the U.S.S.B.S. reports contain no in- readily availaole at the local Weather Bureau
formation on rate of spread, their fire maps shcw- Office--cncss the office bums up as in the Great
ing nnal area of burnout include data that can be Chicago Fire and the San Francisco Earthquake
useful for checking model output. Fire.

Data Collected for United Research Services

Wildland Fires long "tail" before reaching ambient values (fig.
11).

An objective of this project was to provide spe- A --ordingly, v.e selected, rather arbitrarily, two
cific input data for one or more mathematical burning regimes:
models of fire spread to be developed by United 0 Violent burning time (representing the peri-
Research Services, Inc. U.R.S. personnel asked od of most active flaming): the period when
that we provide data on the length of time natural radiation (or temperature) exceeds 50 per-
fuels might b -xpected to bum, weather conditions cent of the maximum value recorded.
under which forest fires would be expected to ex- 0 Residual burning time (representing the peri-
hibit no sigrificant foiward spread, weather condi- od when glowing combustion is predomi-
tions under which forest fires might be expected zant, but flaming is still occurring on at least
to be extinguished in the absence of effective fire- pat of the are. ".e period 2ater peak when
fighting action, and free rate of spread of large radiation (or teL -,-rature) is bLtween 50
forest fires under known conditioa, f weather, percent and 10 percent of the maximum
fuel, and topography. v3lue.

The burning times defined above depend on
Burning Times both weather and fuels, and suffcient data were

Burning times were determined by examining not available to ectimate values for af ,ehtber
the records of experimental test fires in natural and fuel conditions As a re .:t, %-e "'eaz..
fuels where time-histories of temperature or -adia- table for "average bad" veather conditions and
tion at locations adr:'nt to the fire were avail. ble. five fuel types (table 1). The weather conditions
Although fires ranged widely in size (from plots were: relative humidity 15-25 percent, tempera-
6 by 6 feet to plots 110 by 150 feet) and burned ture 80-90', and wind 5-11) miles per hour. Under
under varying weather conditions, all data seemed drier or windier conditions, violent burning time
consistent in several respects. All plottings of radi- would be approximately the same as the tabulated
ation .r temperature against time resembled "log values and r.sidual burning time would be shorter.
normal" distributions; that is, a relatively rapO' Usi,"r damper conditioa,; all burning times would
rise to peak, a slo, c decline to some value mu a be materially longer, with a an.ater percentage
below peak, buj: welt auove ambient, and a vc.y increas in violern Krning ,fine. Table I values
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T°  1 . Residuol-

50- Violent burning time

bu'ning '..ne

I0

Time

Figure 1.-Distribution of temperature in
relation to burning time. T represents
percentage difference between initial
temperature and maximum temperature.

were determined from the heat received at a single than in discrete terms, but such data are not avail-
point adjacent to the fire area. able. lost fires will remain contained if their

We were also asked to provide estimates of spread is completely stopped for a few hours. But
total burning time (the period during which a occasionally a fire will resume spreading after days
large fire might remain stationary yet be capable or weeks of dormancy. Forest fires have even been
of resuming active spread if burning conditions known to smolder all winter under a blanket of
changed for the worse). An accurate answer to this snow and become active the next summer when
question would have to be given in statistical rather fuels dry ouL

Table 1. Violent and residual burning times, bl ',! type

uViolent burning Residual burning

Fuel type Tote] energy Total energy
L ime release Time release

Minutes Percent Minutes Percent

Grass 1 -" <10

Light brush

(12 *cIs/

acre) 2 60 6 40
Med:um brush

(25 tonis!

acre) 6 50 24 50
Heavy brush

(40 tons/
ac ) 10 40 70 50

T;-. r 24 17 157
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Since there were no data available from which Wind 4-10 mph; relative humidity 75 percent
to determine the total burning time, w,- obtained or higher, or
the opinions of experienced fire control , - 'I Wind, 11-25 mph; relative humidity 85 per-
in various parts of the country. The consenmus m as cent or higher.
as follows: (b) Or, 2-3 days since at

le- -t 0.25 inch of precipita-
Fuel type: Time tion and-

Grass 30 minutes Wind 0-3 mph; relative humidity 60 percent
Light brush 16 hours or higher, or
Medium brush 36 hours Wind 4-10 mph; relative humidity 80 percent
Heavy brush 72 hours orhigher, or
Timbcr 7 days Wind 11-25 mph; relative humidity 90 per-

cent or higher.
Nr, Spread' Crileria (c) Or, 4-5 days 5bice ot

least 0.25 inch of precipita-
To prepare a mathematical model of fire spread tion and- -

in which firefighting effort is assumed to be ineffec- Wind 0-3 mph; relative humidity 80 percent
tive, it is necessary to provide "stopping rules," or higher.
that is, the burning conditions under which rfies (d) Or, 6-7 days since at
could be expected to exhibit essentially no outward least 0.25 inch of precipita-
spread. tion and-

Ten of the various fire danger rating systems Wind 0-3 mph; relative humidity 90 percent
commonly used in the United States and Canada or higher.
have as the starting point for the index number
system "the weather conditior.. such that aban- These criteria were tested against the records
doned camp fires or debris burning fires will spread of 4,378 forest fires that burned for more than an
sufficiently to pose a threat requiring fire control hour '"fore firefighters arrived and for which ade-
action." When we examined the weather and fuel quate spread and weather records were available.
conditions specified for this point in each of the Fires were listed as "no spread" if their rate of
10 systems, we found them remarkably consistent. free spread before the arrival of firefighting forces
Accordingly, we prepared the following list of was 0.4 chains per hour (0.005 mph) or less.
"no spread" criteria. Of the 134 fires that burned under conditions in

Large fires in the following fuel types can be which no spread would be predicted, 131-97.8
expected to show no. measurable spread when the percent-did not spread. Closer examination of
following conditions are met: the three fires that did spread showed that rain had

All fueli: over I inch of snow on the ground fallen at one or t - Lu-t not at al of the three
at the nearest weather report.g sta- nearest weather statioi. '4 is possible that all diree
tions. failures of prediction were due to showers that

Grass: relative humidity above 80 percent. wet the- weather station, but not the fire area. Thus
Brush or Hardwoods: 0.1 wi '+ of precipita- the criteria selected appear adequate for predicting

tion or more within the weather conditions when fi,-ms will not spread
the past 7 days and- significantly.

Wind 0-3 nph; relative humidity 60 )ercent But 2.537-59.8 percent-of the 4.244
or higher, or that burned when the cri:eria predicted "wilt

Wind 4-10 mp i; relative humidity 75 pe'cent spread" did not spread at a rate of 0.005 mph or
or higher, 3r faster. Our criteria may have been too stringent,

Wind 11-25 mph; relative humidity 85 per- but there are other possible reasons for failure to
cent or higher. spread as predicted:

C .ilfer Timber: (a) I day or less since at 1. Weather measurements were made at 3 p.m.,
least 0.2- inch of precipita- the time of most severe burning conditions; 3 p.m.
tion a weather was assigned to the fires regardless of

Wind 0-3 n.dta: 7 iafive humidity 50 per 4nt what time of day they were burnrig. Consequently,
or higier, or many Aires were bu.ning under damper and ;ess
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Conifer Timber: (a) 0.5 inch of precipita- raphy, and weather. This was done by carefully
tinn or more at the three examining 1,621 reports of forest fires 300 acres
nearest weath, , -'"n. or larger in size. Spread rates were determin.d
(b) Or 0.25 to 0.5 inci, of only if:
precipitation at the three 1. The spread was esseutially "free", that is,
nearest weather stations unaffected by fire cont=i_ action.
and "no spead" conditions 2. Free spread was maintained for 6 hours or
for the following two 12- longer. (This restriction was necessary because of
hour periods, a universai tendency for forest fires to spread in
(c) Or "no spread" condi- very rapid "runs" of relatively short duration [see
tions for eight consecutive figs. 13 and 14]. Rates of-spread measured during
12-hour periods and mea~s such runs are not representative of spread over
ureable precipitation at the periods of a day or more.)
three nearest weather sta- 3 Line-i: spread rates could be determ., ed Lc-
tions during any two 12- tween twc Y.. wn points and two known times.
hour periods. 4. Weather measurcicnts were obtainable
(d) Or "no spread" condi- either from measurements made at the fire scene
tions for 14 consecutive 12- or from wether stations located sufficiently near
hour periods, the fire to have representative readings.

5. Fuel types were known.
Fire Spread Data 6. Topographic maps of the fire area %ere avail-

The major time and effort on this project was able.
spent in obtaining data on the spread of large fires Of the 1,621 fire reports examined, 924 were
burning under known conditions of fuel, topog- rejected on the basis of the last three criteria. For

Table 2. Number of 'no spread' days at selected weather stations, by months

Station Jan. Feb. Mar. April_ May _June_ July Aug. Sept. Oct. I Nov. .Dec.

Northern:

Olympia, Wash. - 24 16 15 16 9 8 15 26 28 31

Boise, Idaho 7 7 3 0 0 1 4 .. ..

Casper, Wyoming 9 7 4 2 1 2 4 .. ..
Minneapolis, Minn -----... .. 9 9 9 9 10 q 11 .. ..

Gra0d Rapids, Mich .. .. ..- 12 10 9 9 1) 8 13 .. ..

Albany, N. ". 13 13 11 Lo 0i 14 15 --

Washington, D. C. 12 10 1) 8 9 11 10 12 14 --

Central:

Oakland, Calif 28 13 10 6 3 1 2 2 6 13 22

Cedar City, Utah .. .. 8 3 3 1 1 1 1 3 7 --

Spring!ield, Mo. -- -- 14 in 10 10 10 7 7 10 12 17

Charleston, W "a. -. -- 12 12 12 13 12 t 10 1' l* .3

Southern:

los Angeles, C-lif. 16 13 12 13 9 5 1 2 3 6 8 12

Roswell, N. Mexico 4 4 2 1 1 0 1 1 1 3 2 4

San Antonio, Texas 11 10 7 7 8 4 2 2 S 8 10 11

Shre, eport, La. 16 13 12 1) 10 8 9 7 7 8 12 14

Memphis, Tenn. 21 I5 13 9 9 9 10 8 8 9 11 18

Columbia, S. C. 16 13 12 8 7 7 10 i 11 1 11 17

Tallahassee, !. 16 12 11 10 11 15 22 19 ill 13 14 18
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interviewed, personally or by inail, fire control 'Je in one afternoon, we found it impossible to

personnel familiar 4ith the particular fire. V .- establish accurately known distar-ces and times.

ended up wilh )33 buniing periods on 110 ffir';. In somie cases, We CiL ineiuow locations and
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times, but could not establish the path followed tersect the other perimeter because of peculiarities
by the fire in arriving at a given point. In many of shape, neither perpendicular line was recorded.
other cases, the period of free fire sp. a -; :o For example, figure 15 shows the perimeters 3f
short for consideration, two fires; one fire spread from point A to point B

But if these fires are not the fastest of record, in a straight line, A B; the other fire changed direc-
neither are they to be considered unusually slow. tions, following the p.-2i A E B. The dashed lines
The 110 fires from which data were obtained A C and B D were drawn perpendicular to the
burned a total of 1,243,284 acres or 17.7 square perimeters at points A and B, respectively. Fo
miles per fire. Any fire that manages to maintain both fires, the rate of spread was calculated from
free spread for 6 hours or longer is probably burn- the straight line A B. The topography was profiled
ing under ccnditions that are unusually favorable for line A E B on the irregularly spreading firm.
for fire spread. The data included in Appendix D Since the perpendicular line B D failed to intersect
are o-obably representative of the rate of spread the inner perimeter on the irregular fire, no per-
.,4 la:gc forest fires under any but the most extieme pendicular -ines were recorded fo: this fizc.
5urning conditions. lnforndt',.t on the fuels along the line of fire
Once a fire had been selected for analysis, :he spread was obtained either from the narrative re-

fire perimeter at each known ime was drawn on port or from interviews with fire control personnel.
a topographic map. The direction and rat of A fuel type was recorded only if it occupied more
spread were calculated by determining the irect than one-fourth of the line along which spread was
distance between established related points on measured.
successive fire perimeters, measuring the distance Weather information was obtained from 3 p.m.
of spread, and dividing the distance by the time. A and midnight readings whenever possible. The 3
profile of the topography across which the fire p.m. weather readings were recorded for all spread
spread was then drawn to scale. If the narrative periods occurring between 6 a.m. and 6 p.m. Mid-
report showed that the fire did not spread in a night weather readings were recorded for spread
straight line between th: two points, the profile periods between 6 p.m. and 6 a.m. Weather read-
was drawn along the path of the fire, but the direc- inj at 3 p.m. sere recorded for all 24-hour spread
tion and rate were still calculated from the short- periods. We chose 3 p.m. because this was closest
est distance between the points, to the time at which most fire-danger rating systems

Since one model under consideration by U.R.S. measure weather for fire planning purposes. It
involved prediction of spread rates normal to the represents the period of the day when burning
fire perimeter, perpendicular lines were also drawn conditions are most severe and fire spread most
from each perimeter point and the direction and rapid. Midnight was selected arbitrarily as being
distance to the ir.:rsection with the succeeding most representative of the night period. Often
perimeter were recorded. In cases where the per- burning conditions are marginal at night, and the
pendicular line from either perimeter failed to in- select;kn of ? tit. :.)ser to mrnimum tempera-

/ire perimeter
ot lime 2

0C

Fire perimeter
at time 16--

Fki.. :1 .-. Geometry of rate A spr-ead calculations between perimt ters on
two typical fires.
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Figure 16.-Data as sent to United Research Services, Inc.

turcs and maximum humidities might be mislead- form as shown in figures 16 and 17 and sent to
ing. United Research Ser i-o Appendix D gives a

Weather data w:ere o.btained from one of three complete fis.'ng of all datz. -o: sim'vplifier.; fern.
sources. We used weather measurements made at
the fire scene when available. P id pr-ovideui that Urban Fires
they were taken within 2 hours of the selected In general, less is known concerning burningt;mFs. If weather was not me6ured at he fire, we times, "fire out" conditions, and rates of spread for
used data from the neares m t ne isa- frbn as sh in fiuor wild!and fires.
tion if available. If fire danger rating stations were
not in use, we obta.ed data from the nea est urning Times
Weather Buere eportin2 hoursof hslting times were deternnn by examining the

Daytime temperatures and humidities were cot- records of experimental test I.res in actual build-
rected for differences between weather station and ings of various sizes where time histories of radia-
fireline elevations by standard methods (36). In tion or temperature h.,. been made at locations
nearly all cases the stations were wit~hin 1.500 ft., adjacent to the fire (j.' sO, 51, 52, 65, 106)
and corre-tions were minimal. No corrections were Although the buildings burned ranged in size
made for nighttime weather reading,. fhe burning from !-room wooden bungalows to multi-story
index as measured by *he Wildland Fire Dang-r solid brick or concrete buildings with heavy fuel
Rating System (127, w '.dut.,ated and recorded. loading and the weather cond:i 'n, under which

All data ard piofiks were copied on a standard d--y burnd vaned, all data seemed :onsistent in
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Figure 17.-Profiles as ient to United Research Services, Inc. 0

several respects. All ptottings of radiation or tem- burni- building, particularl from flames, is teI

perature against time also follov, d a "log-normal" principal source of ignition ot adjoining buildings,
pattern. But the temperature-time curve was dis- .he radiation-time curve was used as a basis for de-
placed to the right of the radiation-time curve for termining burning regimes. Two burning regimes
most types of building, particularly those with non- were selected similar to those used for wildland
combustible exteriors. Flame, the primary thermal fires:
radiator early in a fire, peaks relatively rapidl5 and •Violent burning time (representing the period
then decays rapidly. Most of the radiation from of most active flaming): the period in which

this source emerge: through the window and door radi~ation exceeds 50 percent of the maximum
openings. Temperature, however, remains high aft- value reedodeal. - ., period coincides fairly
er flaming subsides. and high temperatures may well with the "pc,,. .' of inaximurr. flaming"
persist for long periods. Since rad~lti,, from a or "second period of burning" described by

Table 3. Violer' and residual brning times of urban fuels

S Violent tburning [ Residual bu rning

Construction iTme Total .Wrgy Time Total enervv
type I re ease release

Minutes Percent Minutes Percent

Ligh t resi-
dent ial 10 80 12 20

Heavy resi-

dntal 13 70 20 30
CoF e rcrioaea 25 60 60 40

City nt.er and

t -S,,' F mk .U-
pac to tei a - i 5 1 120 70

29



Ihomas (114). This period starts at about opinions of experienced city fire department per-
the time of flash-over. Durin- this peri d, sonnel in various part of the United States. The
most of the combustibles are consunna, 4). concensus was as follows:

4 Residual burning time (representing th- per- Fuel type: Total burning time
iod %nen glowing combustion is predomi- Light residen , ,1 36 hours
nant, but flaming is still occurring on at least Heavy residential 72 hours
part of the area): the period after peak when Commerciatl 7 days
radiation is between 50 percent and 10 per- City center and
cent of the maximum value. In frame resi- massive mfg. 2 months
dences, this period often starts about the time
of stne*aral collapse. 'No Spread' Criteria

The burning times defined above depend most The problem of providing stopping rules for
heatiy on fuel loading and to a small extent on city fires : extremely complex. Because build;,gs
,.'eather. Since urban fuels normally are roofed are roofczi toy.st of the fuel is effectively protected
and protected from the extremes of weather, such from the gioss effects of the weather elements.
as rain, snow, and direct solar radiation, only one Fire can spread even when it is raining or snowing.
weather condition is recognized, that is, average Many such cases have been recorded both during
weather. Four types were recognized (table 3). wartime and peacetime. A large increase in rela-
The weather conditions were: relative humidity- tive humidity that might exert a powerful influence
40-60 percent; temperature-70-80'; and wind- ,.n slowing or stopping a wildland fire in a light
5-10 miles per hour. Under drier or more windy fuel type probably would have almost no effect on
conditions violent burning times would be approxi- an urban fire. Nevertheless, fires in cities eventua!ly
mately the .ame as the tabulated values and resi- do stop.
dual burning times would be shorter. For less wind Factors that have been mentioned as affecting
all burnig times would be materially longer with fire spread and, presumably, stopping are built-
a greater percentage increase in violent burning upr, ess, spacing between buildings (width of fire
time. Accounts of the Hamburg firestorm indicate break), type of construction, and weather changes.
that the fire had run its coursc in about 3 hours. Of the 23 large urban fires studied for this report,
Much of the Hamburg area would be equivalent to 14 were eventually stopped by factors other than
the Centy Center and Massive Manufacturing fuel direct suppression action or else suppression action
type. The largest buildings studied in the St. played only a small part. In these 14 cases, lack
Lawrence Burns (106) were consumed in less than of fuel (low builtupness or wide spacing) was the
2 hours." These buildings were equivalent to the factor most frequently mentioned as responsible for
Commercial fue! type in the present study. stopping spread. Change in weather, usually re-

The values in table 3 were determined from the duction in wind sr - ,r change in direction, was
heat received at a single point adjacent to the fire also frequently mentic. ..
area. Again, we were asked to povid, estimates The four urban fuel types-Light Residential,
of total burning time (the period doring which a Heavy Residential, Commercial, and City Center
large urban fire might remain :".tionary yet be and Massive Manufacturing - reflect different
capable of resuming active butiking if conditions builtupness from low to high in the order given as
changed for the worse). Most urban fires will re- well as increased amount of fuel load,. in the
m.un contained if their spread is coivpieteiy absence of any better data on which to base ,;-
stopped for a few hours. But occasionally a ,ire will ping criteria for urban fires, for th? study the
resume spreading after days or weeks of domrancy. probability-of-spread tirves developed by San-
Rekindling fires were a problem for a month after born (16) were suggested with modifications as
the Hamburg fire of July 1943; some rekindles oc- shown in figre 18. These curves were drawn from
curred as late as October of that year (16). a study of fire spread in Hachioji. Japan, following

Since few data were available from which to an incendiary att.ck. Experts believe that Japan-
deter. fne the total burning tim-, we obtained the ese cities are representative of American cities in

many respects (123, 124).

-Personal cor >onerce with J. H. MeGuire, A- The curves show that the p-obability of fire
vision of Buidi.n,, atese.rch, Nat:onal Research Cour ci, spreading across a .jven dr,tance is greater in E
Ottawa, Canada. Sep, 20. 1962 fuel type with lwa.vy fire loading (and high built-
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Figure 18.-Probability of uirban fire stiread
across various exposure distances, by
type and wind direction.

upness) than in a fuel with light fire loading (low 0 Light residential: 1.0 inch of precipitation
builtupness). Probability of spread is less to wind- at the Weather Bureau Station and "no
ward than it is t, leeward in any given fuel type. spread" corditio for 36 consecutive hours
The curves could be extrapolated toward zero or "no spred cr-ditinns for 48 ronserutive
probability of spread. fthis would give an indica- hours.
tion of width of break for stopping or "no spread" 0 Heavy Residential: 1.5 inches of precipita-
in the absence of very long distance spotting. don at the city Weather Bureau Station and

"no spread" conditions for 72 consecutive
'Fire Out' Criteria hours or "no spread" conditions fo nO con-

In addition to determining the fuel and weather secutive hours.
conditions under which fires might bu exoected 0 Commercial: 2.0 inches ot preipitation a.
to remain stationary, we were asked to decie2: the the city Weather hLrcau Station and "no
conditions under which fires would be extinguished spread" conditions fi)r 7 consecutive days or
without effective firefighting action. The only data "no spread" conditions for 10 consecutive
available on fires that essentially went out by days.
themselves are the accounts of certain incendiary 0 City Centec .r Massive Manufacturing: 2.0
raids .n Japan and Germany during World War II inches of precipitation at the city Weather
(16, 17, 136, 137, 138, 139). The following "fire Bureau Station and "no spread" conditions
o t" criteria are b- ,,d on these data and the op,i- for 2 consecutive months or "no §pread"
ions of experie".d fPx chiefs. condition for I cozsecj,'e months.
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Firs Spread Data spread of largt urban fires under a complete range
To obtain data on the spread of large city fires of burning condi:ions. Fires fiom almost every

burning under known conditions of fuel, topog- section of the United States are included.
raphy, and weather, we examined 254, ..j, .,. Once a fire had been selected for anaiyss, loca-
or case histories on spreading fires involving one tions of the fire front and times extracted from the
or more city blocks. Spread rates were determined narrative were plotted t'i the fire map. Usually a
only if: city street map showing the final fire perimeter was

1. The spread was essentially "free," that is, included in one or more of the case histories. Oc-
unaffected by fire control action. casionally the map scale was not given and had to

2. Linear spread rates could be determined be- be obtained by writing the city engineer. All but a
twcen two known points and two known times. few fires were in cities on relatively level sites.

3 Weather measurements were obtainable Whenever topography was a factor iii fire spread,
either from rieasur.ments made at the fire scene topographic maps were obtained and slopeq de-
or frcrn weather stations located sufficiently near termined.
:h,. "w to hae representative readings. Usually Information ,on the fuels along the line of spread
thce were Weather Bureau offi ces located i. the was obtained cither from the narrative report,
downtown section of the city. photographs in the case history, or from interviews

4. Building (fuel) types were known. with local fire chiefs or engineering departments.
5. Topographic maps or accurate descriptions A fuel type v as recorded only if it occupied more

of topography of the fire area were avaitable, than one-fourth of the line along which spread was
Of the 254 case histories examined, 195 were measured.

rejected on the basis of the first three criteria. In Weather information was recorded for the start
questionable cases we interviewed, personally or of the particular run or period of spread or for a
by mail, fire control personnel familiar with the time close thereto.
particular fire. Whenever possible, we tried to ob- The direction and rate of spread was calculated
tain more than one account of 'he same fire as a by determining the direct distance between estab-
check. As many as four ditkrent accounts of a lished points at the midpoint of the fire's head,
single fire were found. We ended up with 73 linear measu .ng the distance of spread, and dividing the
rates of spread on 23 fires. distance by the time. Many of the city fires studied

The fires that survived this weeding our process lasted only a few hours and position of the front
include most of the largest and fastest spreading was noted at random times, or when a particularly
city fires of record in the United States. Only one big or historic building started to burn. Conse-
Canadian city fire, Ottawa-Hull, 1900 (105), is in- quently, it was not possible to list rates of spread
cluded, although some of the largest city fires in for set periods such as the 12 hour burning priod
the Western Hemisphe-e in recent years have been used for recording rate of spread on wildland fires.
in Canada. Time and distance data from which Rates of spread for tvu, in more consecutive shorter
rates of spread could be computed and weather runs can ice averagcd, ." vevc- Sometinc , a,.r-
records were not available for mo.t of these fires ages for longer periods are more representative

By no means did all of these large fi burn because of the tet,dency of fires to spread in spurts
under unusually severe burning conditions. There with relative lulls in between. Urban fires appear
were cases of snow on the ground, lov -rind speed, to spread about equally well night and day So the
and buildings wet from recent rains. The 23 fires day-night distinction used for analyzing "c :and
from which data were obtained burned a total of fire spread is not so .mportant for city fires.
about 12,000 acres, or 20 square miles, and r, ore All data were copied on a standard form as
than 100,000 buildings. The data included in tis shown in Appendix E. A cojnolete listing of all
report are probably representative of the rate cf data is presented.
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Appendix A

Estimators of Fire Modeling Parameters

Obtainable from Aerial Photogr, hs'5

The success of a predictive fire model depends on If photogrammetric control is not used but gooa
the aequa.y of the selected .parameters for predicting maps are available, the coordinate position of a spot oh
fire spread in a gi,cn sct of circumstance, and on the the ground can usitaly be estimiated within one-fourth
abiliy te. assemble, on a massive scale, data concerning mile of its true plan position a. the photo center and
the ; , a -..ters. If either condition is unsatisfied, use of within on:.haif mile at the photo edges on 1/20,C0W -cale
trs i-odei is impractical. Collecting all sample data on photographs taker: th:)ugh an 8 -inch focal length lens.
the .rourd over the entire United States would be pro-
Ix'itively costly, but aerial photogrammetry and photo Topography
interpretation have proved particularly reliable aids 2n Three mai topographic parameters concerning a
collecting geodetic, topographic, and vegetative data over point on the land -,urface can be consistently determsned
large areas with maximum speed and minimum cost. from controlled cer;al photographs: elevation, steepness

This report discusses the various parameters which of slope, and aspect. The obtainable limits of error in
can be feasibly obtained from aerial photographs consist- absolute elevation are affected more by the type of con-
ently and accurately for use in predictive fire modeling trol used than are horizontal measurements. However,
The present availability of sample data is also discussed, the average error can be maintained somewhere between
Further, we wish to know the kinds of new data which 5 feet and 100 feet, depending on the project specifica-
can be obtained by trained personnel with available tions.
equipment, and the kinds of data which could feasibly be The accuracy of slope determination is, of course, de-
collected with available or prospecti,,c automated equip- pendent on the accuracy of the relative horizontal and
meas. vertical differential between the reference points used in

Four main factors to be considered in defining fire determi 'ag the slope. In general, we can obtain good
spread parameters are: (a) geographical location, .b) slope estimat, if we can see the ground surface at both
topography, (c) fuels, and (d) weather We will consider e ids of the reference line.
only the first three; each includes several parametes for Aspect (direction of slope) can be accurately de-
which unbiased estimators are desired a well as their termined witnin a wide range of project control speci-
variances. fications.

If no photogrammetric control is used, the elevation

Parameters Obtainable of a point can best be determined from topographic maps.
The limits of error will depend on the accuracy of the

from Aerial Photographs map itself and on the horrizontal accuracy maintained in
point location. In this si .. :, the tonolraphic param-

Geographical Location eters of elevation, slope, at.. s-3pec should piebably be
estimated strictly from maps without regard to the image

X and Y coordinates of any point on the land area, position on a photogaph.
standardized to a map projection, can be obtained to a
high degree of accuracy when photogran -atric control Fuels
is maintained with plotting instruments. The accuracy of The fuel type classifications desired for predictive
location depends on the precision of the camera and plot- fire modeling which can be obtained from aei' , aoto-
ting systems, the skill of those using the equipment, the .aphs are best determineO if one begins with the folio -
scale of photography, :he amount of tip and tilt a the ing broad groups of classification: (a) uiban areas, t,)
time of exposure, the 'ype of control used, and the sl.-ci- agricultural areas, (c) wildlI'.t areas, and (d) water
fications of the photogre ,hic materials used. The range areas.
of average error would run from about 10 feet to 300 Urban areas-These can easily be subdivided into
feet, depending on the combination of the above factors industrial, commercial, and residential groups. Within
present on a given project. each group, photo intepreters can easily distinguish

buildings, streets. paikig lots. vacant lots, lawns, shrubs.
trees, swimming pools, canals, harbors and other features.

-s Prepdred by Philip G. Langley. Pacfic Southwest The parameters whicn can be measured for each item,
Forest and Range Experiment Statio:i, Forest Service, whcce applicable, are length, width, height, and the dis-
U.S. Department of Ag" -lture, for Final Report to G!

.  
tance between items. From these meaourements, other

lice of Civil Defense . d atnent of Defense, Con indexing parameters, such aq s.', "S'nrbution. and den-
tract OCD-OS-62-131. -;ty, can be d-terrincd.



Vegetation characteristics within urban areas will acre) around a ground point can be ocularly estimated
vary according to the season of the year because of win- within about 10 percrnt. Crown diameters of prominent
ter defoliation of trees and shrubs and at! ril" oio,'*- trees can be measured to close tolerances on photographs
cal changes. Therefore, summer and winter..'ata c.. ,e of any workable scale if the image resolutor is good.
area of ground covered by foliage would be resiralble. Other indexing parameters concerning size, spacing, or

Agrultural areas.-These can be subdivided into distribution can be formulated from height, crown clo-
fallow, orchards, vineyards, row crops, close-grown sure, crown diameter, a" the distance between trees,
crops, and pasture if photo scales of about 1:5,000 are stands, or otherunit designations
used. On smaller scale photography, fallow ground and Parameters concerning vegetation in wildland areas
orchards will each be discernible; vineyards will merge are, of course, subject to seasonal variations, particulaily
with tall row crops; small row crops, close-grown crops, in deciduous forest
and pasture will merge into a single discernible group. Water areas-These can be distinguished on nearl,
Rowv crops inc!de corn, milo maize, beans, peas, cab- all photography taken under a variety of condalions.
bage, tomatoes, and carrots. Close-grown crops incluo:
-nee. wheat, oats, barley, rye, alfalfa, and hay

f .,ameters which can be measured in agricultural Methods of Data Collection
a;,.s are length and width of fields, roads, buildings, and
tie diitance between these items. Heights of tres (or- Method Versus Estimator Bias
chards) and their crown width can also be measured.
The heights of taller row crops can be measured on aerial To dete:mine the usefulness of existing data and the
photos if good plotting instruments are used, provided the optimum method of collecting new data for use in prc.
height of the camera station is no greater than app;oxi- dictive fire mo.ideling, some consideration should be given
mately 6,000 feet (independent of photo scale). However, to the possible bias inherent in the estimators.
it would probably be more feasible to dichotomize these Measurements taken from uncontrolled photographs
items into "tall" or "short" groups. Other indexing param. result in errors of estimate owing to relief diqpFacement
eters such as vegetative density and crop spacing can be and distortion in the plane of the stereo model. These
determined with varying degree of reliability. Special errors may or may not result in bias %then estimating the
filtering can be used at the time of photography to maxi- desired parameters for fire modeling For instance, esti-
mize the tone contrast between crop types if the spectral mates of land area vary inversely with the flight height
characteristics of each is known (Colwe;l 1956) This in- above the terrain. The estimates of land areas which lie
formation can be read and interpreted electronically above and below the datum plane of a photo project can
(Langley 1961). ave rage out if the distribution of the samples happens to

Crops on agricultural land usually vary a great deal bala,,ce around the mean datum.
owing to the seasona! nature of many agricultural crops Other errors in area estimates can be csased by the
and to the practice of crop rotation on specific areas, varying tilt of the ground surface with respect to the po-
Consequently, any information concerning crop param- sition of the camera station. These errors can result in
eters for a specific time period will be quickly outdated. considerable bias (100 percent) if the flight lines happen

to parallel high ridges or canyons. Moessner (1957) re-
Wildland areas.-These can be classified as bare ported that no significant bias occurred in area estimates

ground, grass, brush, or trees fairly consistently on exist- vith dot sampling from uncontrolled aerial photographs
ing photographs. Hardwood trees taller than 40 feet can in the Rocky Mountain, whereas Wilson (1949) reported
usually be distingu!shcd from conifers of the same height earlicr that bias does show up when making dot count
or taller by using photographs from 1:18,000 scale or estimates for "smail' n-.
larger with good image resolution. The interpreter's ability Bias in height i" tren.?,t , when asing ,-'ricon-
to distinguish between hardwoods and conifers is also trolled photographs, can aiso be caused by varying flight
affected by the season of the yea" and the .7, il er com- above the terrai i. This bias can amount to as much as 30
bination used. It is very difficult to consistently separate percent between the eAtreme flight height difference undei
hardwoods from conife.a of a height less than 40 feet normal photographic conditions.
unless photographz takeu under rigid specifications are Therefore, one must weigh the possible effects of
used. raidom error in measurement encountered .%en using

The accuac) of height measurements on vegetation uncontrolled photography against those encountered 'when
also depends on the shoto specifications. General'y, height using controlled photogrp'y as z s .ie -:!a' -
measurements are less reliable when made in heavily ot each method.
forested areas than when made in open forest st, nds or
in urban or agri~ultutal areas because the foliage n tree Method Versus Variance
crowns, deep shadrows, and understory vegetation obscure
the ground surface. Height measurements can generally The usefulness of the etlmated variance around each
be maintained to within about 40 feet in dense, old-growth parametric mean will depend on the data mode. For
redwood or Douglas-fir stands and to within about 20 example, it is rarel, possible to calculate a valid estimate
feet ., other forest types. It is not pr'.ctcal to measure of tne variance from any data extracted from a forest
the height of vegetation less than .tiout 20 feet tall on type map because no informaiton is collected on the
.,ailable photograph': taken from a height of !5,0ft or "within group" varsatio,, but only on the "between
more feet above t,. ,,rcu . group" variation It can be sh'own tht the "within group"

The rercent of crown closure on a small areA (I var~atinor of vegct.tiv, type size, and density as shoc'n

39



on a type map, is of siza'!- rognitude and ib often as The intensity of photo-point sampling in California

great as the "between group" variation, varies from about one point per 150 acres to one point

As another example, a true picture of the terrai- per 320 acres. The sampling intensity in other region-
form is not realized simply from the varians. .i., 4* " oes as high as one point per 75 -cres.
mean elevation. The variance around the mean elevation
in plateau country cin be exactly the same aP the vari-
ance in very broken country with many changes in slope.
Thereforc, some ofer parameter must be used, such as Collection of New Data
tCe difference in elevation between adjacent points in a The methods used for collecting new data concerning

systematic grid, or the distance betmeen slope changes The etos se lect p ew depenn
and the steepness of the intervening slbpe as measured the estimators of the selected parmeters will depend on

from a line transect. the short. and long-term requirements of intensity, accur-
acy, timeliness, and cost

Use of uncontrolled phoiogrphy.-If only a single
reference value along with an estimated variance is re-

Ava'lability of Existing Data quired for ca-h parameter withi4 a 5.-mile suare area,

An -x!ansive study would be required to learn exact- photopcMt scu-tine us i's uncontrolle-I photo -in;.,

ly nie kinds and amounts of useful data available for would probably t- speedier than any ciner system, pro-

vr.-dictive fire modeling. My personal knowledge of data vided few me.su~ements are required. However, it should

concerning the types, amounts, and distribution of fuels be recognized that data of unknown accuracy and statis-

in urban or agricultural .reas is limited. But much rel'i- tical validity will result, regardless of whether or not spe-

t.,e information has been collected in wildland a.cas cial purpose liotography is used, Also, this method of

for forest, range, and soil surveys approach would nearly preclude the possibility of later

Some of the existing data concerning vegetative fuel intensification of the data for use in instantaneous fire-

types in wildland1 areas of California exist in the form spread predictions on going fires when using elkctronic

of forest type maps or :oil-vegetation maps. Area esti- computers.

mates made from these maps contain little bias owing to Use of controlled photography.-Controlled pho-
relief displacement because the maps were generally com- tography offers many technical advantages, but may in-

piled through plotting instruments of some type. These crease time and cost of data collection. However, I be-

maps usually contain no informati-n concerning terrain lieve that the advantages of bsing controlled photography

characteristes, but such information can be obtaned can be gained without substantially increasing the time
from topographic maps and tied into the type maps. The or for--term cost if a reasonable complement of equip-

maps usually contain information on the vegetative den- ment is assembled for use with special-purpose photog-

sity of an area, but often have no direct figures on vege- raphy. If the U. S. Air Force could be persuaded to

tative heights. Some type maps made in the Pacific North- furnish civil defense offices with high altitude precisinn

west, however, do contain height and density information, photography, taken to specifications, controlled data, with

The forest survey maps and the soil-vegetation maps made known limits of accuracy and statistical validity, could

in California oefore 1961 contain age-density classifica- be obtained from existing plotting and data-recording
tions frcm which height can be approximated. equipment costing between $10,000 and $20,000. T:se

In addition to the survey type maps, the Forest Serv- Air Force RC-130A aircraft equipped with tho HYRAN
ice has made similar map; for management purposes on mapping system (Walls 1960) or similar systems are rc-
the National Forests. The extent of this mapping work ported to be fully eavable of producing radar-controlled

would have to be determined by further inquiry. precision l'hotogriphy, . , which the :nformation could

Most, if not all, of the large area forest surveys have be taken. Aerial phologra!-, 4f high resolution in 9- by
now departed from type mapping as a means of data col- 9-inch format and taken at a scale of 1:60,000 through
lection from aerial photographs. Phloto-paon. s.ipling of a 6-inch focal length lens would cover approximately 22

some form is now used to collect this data. However, the square miles per stereo model. From these photos, an
kinds of data collected in different regiLur of the United interpreter could measure well defined horizontal lines,

States differ considerably. such as street widths, to an approxima; accuracy of plus

The photo classification system presently used in or minus 5 feet. Vertical measurements of ,vt:: iefnefn
California collects data on general locadon, productivity zbjccts could be obtained to plus or mni I5 feet us
class (commercial for-t, noncommercial forest, os non- optimum conditions. Over-all geodetic control of ground
forest), major forest type, timber size class, and vo'ssm2 points could be maintained to ,:t average error of plus
class. The survey has cc!'.ted photo mnforniation on -Ic- or minus 60 feet horizontally L id plus or minus 20 feet
vation, aspect, and topographic situation only in Mendo- vertically if necessary, and some relaxation of these re-
cino and western Si~kiyou counties. Some of the other quirements would allow considerable increase in speed.
regions collect similar data: some only separate out the Virtually all parameters mentioned at the beginning
arCa of commercial forest land. All the photo-point infor- of this report could e collected and placed on EDP
mation presently collected is gathered without photogram- magnetic tapes for use in predictive fire modeling with
mu ic t.otZrol, and the information canrnot be directly the equipment complement referred to above. If data
correlated to topographic informatio:. by point-to-point v.c, ,ollected with sulicie,., intensity, they could be
,ccrrecpondence withou' considerable amount of .ontO effectively used in terrain anal)::s pre'lems and in re-
work. search on behavior of ,,or. fires
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Prospective Use of to be extracted from photographs should be restricted to
that which can be Measured with instruments or directly

Automated P1 Equipment estimated from visible features. Subjective estimates
should be avoided The reliability of the data 'cpends on

Much interest has been generated in rtcent ycars the photo specificaions and on the interpretation equip-
concerning the possibilities for obtaining PI information ment used Geodetic coptrol can be maintained in the
from aerial photographs automatically. Some pieces of X. Y. and Z directions p plotting instrumerts, and the
automation equipme-it are now available for special use dimensions of visible features in three dimension, can be
and more will be available in the near future. However, similarly obtained. Information on land use aad vegeta.
to use this equipment effectively for predictive fire model- tive types can be effectively measured. particularly if the
ing. som( modifications would be needed to assemble an photo specifications are prescribed to fit the job. Seasonal
integrated interpretation system which would record all variations in vegetative manifestations should be taker
pertinent data anu convert to an optimum form for proc- into account.
easing. "Ihese ass difiestioss 'sill requre imagination. bUt The validity of the variance- concerning the defined
much progress ha, already been made in their develop- parameters depends on the method of data collection.
mCri Some trethids of collection, as from type m sps. will ig-

R.:ertly developed electronic scanning instruments nore some co.o,ents of variance, while othei will e
a ,jl record line profiles and compile topographic maps ineffective o, -.e., in predictive fire modeling The form
,-utomatically. Both the Benson-Lehner "stercomat" sys- of the data should be consi,tent with that which may be
tem and the Ramo-Woolridge stereo mapping system have obtained wi,h aa-tomated PI procedures so that the m-
beer, developed to a high degree. A third digital automatic evitable change-over will take place smoothly and effi-
map-compilation system now under development appears ciently A dijstal system, based on photo-point sampling.
to offer much nromise towad the solution of autossatic will probably best lend itself to later intensification and
interpretation problems and EDP. to high-speed data collection, processing, and retrieval.

Researchers have demonstrated the usefulness of Minimum photogrammetric control or no conirol can
taking photographs through selected filters to detect crop be tolerated if it is only necessary to collect information
diseases (Colwell 1956) and to differentiate between tree concerning the parametric means on areas approximately
species (Colwell 1960. Olson 1961). At least one re- 5 miles square.
searcher has made preliminary statistical analyses of re-
flectance data of field crops and bs demonstrated that a
nursher of crop types and ctlher objects can be "read" References
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Appendix B

Example of a -V.dland Fire Case History
(Note: This is an abridgement of a typical

narrative fire report. In determining rates of spreati
from such a report, the fire action was plotted on
large scale contour maps and the weather data
were supplemented from adjacent Fire Danger
Rating and Weather Bureau stations.)

The Lyons Peak Fire of Descanso Tanker ran out of water and had
gone to Lyons Valley Station for refill. This

Sept. 30 - Oct. 4, 1945 crew working hand line up south flank, aided
by C.D.F. Tanker crew.

Control Action-September 30, 1945. 9:50 a ;. Sc..ond C.D.F. Tanker airsved from La
Mesa.

8:00 a.m. Lyons Peak weather: T* 71-Humidity 19- 10:14 a.m Davis sized thc situation up and decided the
Wind ESE 8. one remaining try was to fire the road from

8:22 a.m. Fire start. Lyons Valley Road to switch-back one-third
8:24 a.m. Fire reported on Lyons Valley Road t;. mile way up Lyons Peak road. Sent the C.D.F.

west of Lyons Valley Suppression Stauon by Tanker around back of ranch north of road
Lyons Peak Lookout. to fire from open field south and tie into

8:25 a.m. Called California Division of Forestry. Lyons Valley road, near station Davis
8:28 a.m. Lyons Pe-ak reports smoke pickirg up. stsrted Foreman Austin with Alpine Tanker
8:30 a.m. Alpine Tank Truck crew was dispa,.hed to and crew, firing Lyons Peak road from

fire. Suppression foreman, tank truck oper- County road up hill. Davis took Descanso
ator, and three crew men. Lyons reported Tanker, crew, and the locals to switchback
fire going good. and began firing down hill to meet Austin.

8:33 a.m. F. C. A. Davis. Descanso Tank Truck crew, His plan was to control the head of the fire
consisting of foreman and four men, were soutn of the County road and the past.line
dispatched to fire. on the north of road.

9:07 a.m. La Mesa Tanker dispatched. 10:14 a.m. Davis reached the switchback in time to
9:24 a.ri. Davis arrived at fire (51 minutes travel), check the head of the fire. As the two crews

Fire approximately 5 acres, burning up hill fired towards each other. the fire continued
to north ajid east. On arrival at fire, Davis to gain headway and backfire had to be
found five local men standing on road carried too fast to give adequate patrol be.
watching fire bum; these men had no tools, hind Descanso Tanker. The fire spotted over
Davis equipped them with all available tools road-all but two men were started to work
from his pick-up and placed them along picking up this slop-over, while tanker and
road to keep fire from spotting over road. two ivi- c,-ried backfire on down road to
After sizing up the fire, Davis placed an he :n witi Iustie As soon as the b,'kfiring
order for two tractors and I.R.C. crew (16 tied in bot t~dk:r crews and pickups were
men Laguna). left to tie in slop.over, which by this time

9:31 am. Descanso Tanker arrived vw Japatul Barrat, was approximately 3 acres burning in heavy
Davis instructed Foreran Brown to work brush in bteep rugged country.
east line of fire north from road, using water 10.52 a.m. Cleveland team dispatched including 60 Fire-
as far as possible, then continue along line fly.
with hand tools. This li:ie constructed about 12:00 in. Lyons Pzak weather: T° 84-humiditv 10-
500 feet, when fire spotted over read. Fore. Wind NW 4.
man Brown pulled his crew off live to try 12:i0 p.m. Davis left Foreman Austin in charge of the
and pick ,ip spot-over. At this stage 'he fire above line and proceeded to line north of
seemed -,a blow up all over and was too hot county road. Opon arrival at the county
to wo.k with tools, road he contacted State Ranger Miller. Mi-

9:40 a.m. Alpine Tanker arrived via Sweetwater and ler inf"'med Davis he had just sent the
pulied off road in front of fire; running out San,-q tanker crew of four men around to
two hose lines, crew succeeded in knocking aid the La Mesa Tanker crew in carrying a
down north flank of slop-over. At the same line south from open field along west side
time the C.D.F. Tankci from La Mesa ar- of fire which was cool enough to work with
rived 'i started working south li.t f:om hand tools. Nlso, the State's Woodson crew
road - _t. F"e was traveling Go fast fc, this was coming in a w'-1t as the J.R.C. crew
.rew to work flank to head oft fire The knd .r.otier lare: tanker.
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2:15 p.m. State Ranger E. M. Miller, J Ewing, and Organization and Strategy" Fire would prob-

Davis met at the Lyons Valley Stale Guard ably go to ridges both to riorth and south. Was

Station. Miller asked that the U" -S! lying down some on all 'inkr and could be
Service take charge of the fire P., _, woiked by hand crews.

Forest Service forces to fight it sinct. most Strategy was to control fire with night crews.

of his forces were already on other state The fire had been scouted 1.y Davis. Miler, and

fires. Ewing agreed to take the fire over and Ewing and it was be'- ved that sufficient equip-

use Forest Service force since the fire was a at and manpower were available and ordered

definite threat to the National Forest. to accomplish control.
The Cleveland fire team took charge of the

Plan of Action-Day Shift-Septenber 30, 1915: fires. Fire camp and headquarters were set up at

Lyons Valley State Suppression Station.
2:15 p.m. Forces on the fire: Division 1. 35 Firefly Troops to go out Lyons

2 T,;i st Service tank trucks and crews, Peak road to head of fire, divide crew, and work
Stt m in. two directions, cold trail line

2- State Division of Forc.:ry tank trucks Djv!i.n II, Sector A. 1G) to start work from
and crews, 8 men. Ln, Va-'v Road and cold trail fie line North

8 Pick-up Fire Fighters to top". -ic or tie in with Sec. I.
Forces ordered to arrive within a short time. Section B. To go out through burn (old road

I State Division of Forestry Tanker and trail) from Fire Camp to top of ridge and
16 Men-Counly Prison crew work north, cold trail northeast to tie in with
15 Mcn-Woodson crew, State Division of tractor orking from skyline truck trail to meet

Forestry them. One tractor to go out skyline truck trait,
Also several Forest Service and State ct line from road to fire line and cold trail line

Guards. southiwest to meet hand crews. One tractor !,) go

Thims was about all of the manpower and into west end of Division 2, Sector B, and work
equipment tilat i.ould be expected to arrive all line possible.
on the fire before 6 p m. The plan for the Division II. To use tanker crews and go out
remainder of the afternoon was- Continue skyline truck trail to west end of fire. to back fire
to use two Forest Service tankers and crews from that point to Lyons Valley road. South line
with 8.man pick-up crew on road from of fire north of Lyon's Valley road backing in to
Lyons Valley to Lyons Peak. Try to keep open fields.
fire from crossing the road to the east side. Action and Accomplishment: Division i, Sector

Two State Division of Forestry tankers A. Firefly crew 20 men cold-trailed fire line down
and crews to continue to north on east side ridge west from Lyons Peak. Area very rough
of fire from Lyons Valley road, cut off head and steep. Cold trail not completed All line hot-
of fire if possible. spotted through entire sector

To use two crews coming in on west side Sector B. Firefly Crew men cold-trailed fire line
of fire, one crew to work southeast from to bluffs north of Lyons Peak, too rough and
Lyc.ns Valley Road and cold trail line, the steep to work. Went around bluff area and worked
other crew to work north from Lyons Valley line from where day crew left cold ;rail in to
Road and Lold trail line. north end of bluff aria, hot-spotting only

Action and Accomplithment: All crews Division Hf. Sec-tr A Completed cold trail over

worked as planned. None of the crews Aas ent:. t .ecto,.
able to flarUk or pinch in the head of the fire. Sector B. Complete.. zold trail ov, entire sec-

tor. Tractor worked about 0.4 mile of this line.
Also constructed secondary line 0.3 mile in

4 pm. Status of fire around spot fire on north side of road in Division

Size- 291 acres 3 Too rocky to work on fire line at night. Trac-

F:rc line controlled 1.25 iviles tor did not arrive on fire line uuiil 3' 15 a m Oc-

Fire line uncontrolled: 2.6 miles tober I, due to breakdown of contra. ..,:.'

Weather" See Weather record attached, hired to transport it from Deser.t:o

Fire still spreading rapidly to both north and Forest Service Tractor from Oak Grove did

south, running sip slope on both heads, not arrive on fire unt 6 a in., owing to break-

Manpower requessd for night shift down of Forest Service 'I ansport truck.
50 Firefly froir. San Diego Division Ill. Line was completed, backfired as

200 Military, Navy, fiom San Diego planned along roads. So-ne mop-up left to do on

2 tractors, one from Oak Grove, one from Des- entire line. No cold trail around spot fire on

canso north side of s..yline truck trail Secondary trac-

tankers in addition to four already on fire tor line around it only.

Forest Service and State Div).on of Forestry Slopover Plan was to burn out the slopover.

overhead was or(-red to handle above manpos r. In the morning. Rock-vell, in charge, with three

4 p.m. Lyons Peak w ter: T' 70 -- Humidity 22 - tankers and crews and onc cat t:.ed burning; un-

Wind W'NA 19 :u-essful and so .lecidd to let fire burn out.
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Rockwell and Ranger Miller cptimistic about this road. This attempt failed.
piece. Rockwell did not want to r sc tanker or The next attempt was made to hold the head
cold trail. He wanted to let it burn . ,; )bjp" of the fir, east of Lawson Valley road and th,
tive was to get this area burned out cicsn. Ft.. - Lyons Vaiiey road in the vicinity of tr.e Junc-
five minutes later (10:45 a.m.) fire broke. tion of these two roads snd the skyline truck

.rail. This attempt 11so faicd.
Plan of Action- -Day Shlift--October 1, 1945:

12:01 a.m., October ': Fire scouted by Ewing, Davis, Plan of Action-Night Shl-Oetober 1, 1945:

Sindel. Fire had stopped running. 4 p.m. Status of fire:
Size: 760 acres Size: 5,600 acres
Fire line controlled: 8.9 miles Fire line controlled: 7.4 miles. Died out in
Fire line uncontrolled: .4 mile old burn 2.2 miles.
F." line to be mopped up: 9.3 miles Fire line uncontrolled: 11.2 miles.

Ac:ion ani Accomplishment: Division I. Men Fire spreading on P!! ,incontroled sertions
assigned to line and placed as planned. Line was of fire line.
completed around entire Division. Some mop-up 4 p.m. .yn's tliak weather: I ' 76 - Humidity 13 -
still needed in vicmsty of bluffs north of Lyons Wind ESE '9
Peak. Three Navy tractors arrived on fire about rire s-ds still running on all lines that had not
6 a.m. Due to condition of lines in bluffs north been worked. Uncontrolled line was II 2 miles
of Lyons Peak, these tractors were dispatched (map mi!es) which would mean 15 to 17 ground
to construct a secondary fire line from the Lyons miles. Approximately 4.6 (map miles) or 7
Valley Road mile east of the Fire Camp To grouh~d miles could probably be worked with
work south to main ridge and as near to Lyons tractors. Two miles could be backfired from -he
Peak as possible. This line was completed to Lyons Valley Road with tank truck crews This
within 0 3 mile of Lyons Peak. Cats were then left 7 to 8 miles to be cold-trailed by hand.
pulled back to Lyons Valley Fire Camp. Five hundred men were needed and possibly

Division I. Men were assigned to the division could control the line. However, overhead was
as planned, except 12 who were pulled back on available for only 230 men. Strategy was plan-
the slopover on Div. IlI, because 50 men ordered ned to control the fire from the original lines to
from the I Ith Naval Distiwt had not arrived on the west as far as possible with crews available.
the fire. This entire line held and was reported Special effort to be made to control Divisions
completed at 10 a.m. and before the break on II and I'v Division III to be controlled from
Div. IlI. east to west as far as possible, and Division I to

Division 1!I. Three hundred men ordered be patrolled and held.
from the Ilth Naval District. Arrivals were as- Action and Accomplishment: Northern fire
signed and dispatched to other Divisions first team arrived and took chage of fire at 9:00
since Div. III was more accessible. This left Div. p.m. Division I line held with no breaks through
III without any hand labor. As soon as this be- night shift. Division 11, Sector A, tractor worked
came apparent, about 9 a.m., 12 ment were secondary line into .Ire from Lawson Valley
shifted from Division II to the slopover on Divi- Road, worked fire line east as far as possible.
sion Ill for ths backfire job. Men were shifted Tractor then went back to secondary line and
all along the line on Division I to fill in where worked fire line west into Canyon and could go
men were taken for Division Ill. no further. 'F -- " ve men we;ked from end of

One additcnal tank truck and crew were as- tractor line on . -nd .,' ,ivison it, to ad of
signed. tractor line at NW end of Sector. Line was hot

Division Boss Rockwell dec.ided oot to bpck- spotted .,nd dangerous spots cold-trailed. (All
fire the slopover but to let it burn out line on Divi,ion II, Sector A held until flanked

10 a.m. Lyons Peak weather: T
° 75 - Humidity 12 - from the west on afternoon of October 2 )

Wind ESE 14 Division It, Sector B. Tractor and crew of 50
10 a.m. Gowen, Ewing, and Miller had gone over slop- went into line and worked as assi ,: : bit ac-

over ime and Jdcided it should be mopped-ur complished litte. Tractor was roaded trom S.c-
Two tract'r, two tankers and 12 men vere as- tor A, Division 11, over ,..),ne o,,i ,o w~
signed to concentrate on this job. Valley, arriving on "'ne at about II p.m. Navy

10'45 a.m. Fire jumrn I the line on the west end of the crews arrived on fire at about 8 p m Division
slopover. Crews on hand at the slopover were bosses were taken to their divisions by daylight
unable to .ontrol the spots. Fire made a 3-mile and shown their assignments aud were later sent
run west by 2 p.m and 5 miles by 6 p m to their start. ,; poins. One crew of 50 men got

One tractor %%as started to work east line of lost in th. burn after being on then line and
break and accomplished about mile of cold did not again get lined up until 3 am. by Wil.
tail. All men on Division I !. Ill remained lingham. Accomplishments were not as good as
on their respective lines nd held them excen' epected Line was not compieted. All sections
Sector B, r -ision 11. All available oveth, d of &ector remained very hot ali night and al-
and tank., .q,., .nei:r were dispatched to the though it ws not a nr'it., fire. it was very hot
sk' ine rod to tr, to hold fire on north sd- ,if out not tc.., hot for wciking trained hand crews.
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One cat broke down near Wood Valley which Valley Camp lo remain intact for Zone A. Zone
also contributed to failure to mopup this sector to be handled by Sindel. A second fire team had
completely daring night. been requested tor Zone B. The Modee Team

Division Ill, Sector A. One hundred men a, would take over Zone A. This would free the
rived on fire line at about 7 p.m, worked .no Cleveland Team to assist the two off-Forest
as assigned. Materi! heavy, fire line was hot teams and to coord late work between the two
all night. Cre, s did not accomplish as much as zones.
was expected Line was not tied into Sector B,
Division If. V mile of cold trail and mile of Action and Accomplishment: Dietison I. Other

hot spot line was constructed west of Lawson than a small spot outside the line in early morn-
Valley Road on this Sector. ing that was controlled very quickly, there was

Division III, Sector B Two tractors continued no real activity on this division of the fire. The
to work until dark. One tractor had no lights, entire division was completely mopped up during
other tractor operated until line was constructed the day.

to canyon bottom, approximately I mile from Division It. This division east of Wood Val-

,tarting point. ley hdd. Some mopup was done However, crew's
were ou~hed through to Wood Valley ares so

Section of line in last year's burn Honey tr p, thoup ho ire l at area o
Spring fire died out in light material and went try ,o ca;.Ih up hot fire line in that area One

out. tractor tried to work from the east (secondary
Division IV. Two tank trucks continued back- line) ,n to Wood Valley. This tractor brokeDiviionIV. wo ank rucs cotined bck.down (transmission went out). Operator got it

fire along road. Fifty.man crew arrived on fire at int and wlt out to ro by
about I I p.m. and.did mopup work on line Tt,: into burn and w later pulled out to road by
section of line was not entirely completed m the other tractor. Lne was not tied into Wood
planned Approximately mile remained to be Valley. Fire started to make run west where
backfired on east end of line. Crews continued line was not worked at about 10 a m. One trac-

to backfire until line was completed, at about tor in Wood Valley started line west and south,
9 a.m. . was not able to tie into hand line to west. At this

Summary. Not all work planned on Divisions same time crews that had started in to try to
Sfary. Not w aomlte. w ne D son DIVhisn work line from Division Ill Lawson Valley roadII and IV was completed. On Division IV, this

was not serious since tte fire was not crowding east and south had to be pulled out. Crews were
the backfire line in the ,frea not fired. Crews late (about 8:30) \getting out, really never got

were slowed ti because of spot fires occurring en line to slir work except to hot spot. Crew

on south side of road that hsd to be picked on Sector A did effective work. Men were pulled
upOn outhsieofroa tt Bhand DivisionHIback to Beaver Hoilow Junction on Division IIIup. On Divisior, II, Sector B, and Division lII Division Ill, Sector A Crews were late get-

Sector A, the fire boss underestimated the length t i o Ire le Are at lat 7eam

and difficulty of line to be worked and misjudged ing out to fire line Arrived at Baver7 a.m.
the amount of work that could be accomplished on fire line, about 8 arm. at Beaver Hollow

by crews assigned. Junction. Had to be fed, organized, and gotten
on the fire line.

One crew dispatched to try to tie line in east
Plan of Action-Day Shft-Otober 2, 1945: to Division II. See above. Other hand crews and

II p.m., October 1, 194 5 iractors started line down ridge from Lawson
Plans were completed to divide the fire into Valley road we- -. .. d to wor" backfireline

two zones. The Lyons Valley camp to continue mile down ridge, ts . :nto ,&aver Holow road.
to operate. All lines east of the Lawson Valley Reason for working line instead of using road
road to be handled by ths zamp. A iiw camp for backfii. was to bypass a large number of
was planned to be established in the vicinity of cabins (homes) along the south side of Beaver
Jamul, all line west of Lawson 'a"ey road to be Hollow road in this died Approximately 0.7
taken over by this camp. mile of line was successfully he'd. Tractors were

4 a.m., October 2, 1945 Status of fire: trying to work line down slope into B.'. flol-
Two scouts repcrted fire haJ changed very low road when fire started run fro, the east I-

little during n'i't Fire lines on Divisions 1I and hind them. Line was not coipleted into road
III remained hot during night Fire spread some One tractor, a Navy P-,. became stuck on steep
along these line- no runs occurred to materia,ly ground, had to be abandoned by crews and later
change the size o! the fire or line location. burned up From 10 to I I am. the file started

Size of fire: 5,600 acres making run ovet !his entire sector.
Fire line controlled: 14.3 miles. Division Ill, St.,tor B Eighty men were spread
Fire line uncontrolled. 6.5 miles. out over th;, 'ne. Line was completed from

It was decided to divide the fi-r into two where flue crossed Lyons Valley Road west to
iones. All of fire line east of Lawson Valley southwe~t corner of fire, from there north al-
road to be Zone A. All fire lipe west of Lawson most to Main Ridge 'outheast of McGinty Peak
Valley to Le 7 ,e B. The new fire camp f&r Most of this line was in light material all held
Zone B to h , t "i n the vicinity of Jamul with very little pat-ol or ro;'u.
rhis ,ns to be handled by Ewing. The Lvon, :vision iV Crews a;id tanters mopped up
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this entire divisi , s panned. ready constructed on southside of the fire from
Summary: Two hundred men crdered to ar- point.south of McGinty Peak to the head of the

rive on fire at noon did not arri"- until aft-r fire in the vicinity of the junction of the Skyline
fire on Divisions II and III had s. tt.... - . truck trail and Lawson Valley-Lyon Valley
It was riot possible to place them on the isre truck trail. Continue cold trail line on west flank
and do any really effective work (lilting the af- of fire in th: vicinity of McGinty Peak and work
ternoon. this line north toy , d Sweetwater River. To start

After the break in the lines on Divisions 11 crews to cut the head of the fire off from Sky-
and Ill, it looked as though the fire would go line truck trail north into Lawson Valley. To
to the Swe:twater River north. Wind changing also start crews in Lawson Valley to work south-
to southeast and south. It was decided that an east on fire line to cut head of fire off. To work
attempt to hold the north side of the fire would a crew from junction off Lawson Valley road and
be made, starting at the Junction of Beaver Hol- Sloan Ranch road to backfire Lawson Creek
low and Swe.-twater Riv--r. east to Sloan Ranch, and keep ahead of main fre. To do no work on
southeast up Lawson Creek To attempt to cut the fire line between Sloan Ranch and Beaver
the east thsad) of the fire off in the vicinity Hollow ropd.
of the Lawson Valley Road With this in mind If ;re should back into Sieetwater R:,:r.
instructions were issued changing the location tank :rureks from State Division of Forc try and
of the new fire czmp from Jamul to the Sweet- Navy to be called to backfire and hold fire along
water Dam. This was accomplished and the the Sweetwater River. The Sweetwater is an ex-
Sweetwater Camp was established in time to get cellent natural barrier consisting of a wide flat
night overhead and crews out from that side of grae! bed, several hundred feet wide in most
the fire. narrow places. A good stream of water flow-

Day crews and tractors were shifted from ing down the canyon at all times, The northeast
Divisions II and III to the Lawson Valley area end of the fire now the dangerous threat.
and some work was accomplished East from Action and Accomplishment: Zone A. Only
wherc the fire crossed the Lawson Valley Road 88 of 100 men arrived; one unit got lost and
near the junction of the Sloan Ranch Road. returned to Camp Elliott

Zone A, Division I. Crew worked as assigned.
Plan of Action-Night Shft-Octeber 2, 1945: Backfire successful with one dangerous slop-

over, which was caught up and cold-trailed.
II a.m., October 2, 1945. A check of the fire had shown Tractor arrived on line at 2 a.m. and completed

that the south line of the fire could be held, the i/2 mile of line down canyon beyond backfire
west side would probably hold owing to light crews, Backfire successful to point where main
cover and in most places fire would he backing fire had burned almost into canyon. From that
down slope, and the north side of the fire was point on backfire impossible to make burn and
probably all lost from MeGinty Peak east to clean up
the Lawson Valley Road. With this information, Zone A, Division 11. Crews started and work-
plans were made to shift the division of fire ed as assigned; were not able to tie line through
zones The north side of the fire to be one zon- to head of fire. Fire burned quite hot through
with a camp it) the vicinity of the Sweetwater night. Tractor; did not amve on fire line until
Dam. The south side of the fire to be handled as daylight, they then started secondary line on
a zone. from Lyons Valley Fire Camp Lawson Valk,- i ),0.

The camp equipment already ordered for a Zone B. Only - of ,IN men reisesteO ar-
camp at Jamul was sent to Sweetw.;er Dam. All rived on fire Otnet men became lost and turned
incoming overhead was di'patchea k ".,,cctwater back to their base camp.
Dam. Overhead was already in Lyons Valley Zone B, Division 1. Twenty-man crew went
Camp from previous shifts into McGinty Peak area as assigned. Were able

4 p.m. Fire still running to north ano east in Beaver to cold trail fire and keep up with west flank.
Hollow area, was near top of Sequan Peak. had Remainder of Division all held witho-t ,- ichap.
crossed Lawson Valley road r.o, theast of Wood Zone B. Divwion i. Entire Division held ,.
Valley; head of fire burning east in Souw' Fork planned.
of Lawson Creek; wind shifts to west-norhwest. Zone B, Division ITT. Crews went to line and

Size ot fire: 7,000 acres started work as assigned Fire burned very hot
Fire line canirolled: 14.5 miles on the east end of Division all nigh:. Crews
Fire !in-. uncontrolled: 7 miles were not able to establish themselves on cold
Lyons Peak weather. October 2 trail line and '- 1d it. Fire jumped skyline road
8 a.m., T' 77 - Humidity 15 - Wind early in tb- afternoon on lower end, early in

ESE 12 night on upper end. Was picked up and cold-
12 noon, T' 84- Humidity 10- Wind trailed before morning. Tractors started work

SSE 17 from skyline road and worked north on head of
4 r)M. T' 74 - Humidity 17 --Wind fire. Due to rough atea, they could not get com-

%A pletely around the head of "'ie fire. One tractor
Owazation aad Straiegy To hold all ',ne 1- started work in i.awsn Valley to work south-
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Appendix D

Wildland ire Spread Data

The fntlowing tables contain rate-of-spread and as- WEATHER
soc:ated data for large wildland fires. They have been Wind vel.: Meas. ,'A wind velocity, in miles per

s!parated into f ,';rops according ta the length d, hour.
time over which the rate of spread was calculated. They Temp.: Dry bulb temperature, in degrees Fahrenheit.
wre -'ouped beause the rates of spread show a strong RU: R,:ative humility, in percent.
, ideny lawards time dependence and also because the Stick: N;lslur content of -inch pine dowels, in
*..athf.r data are related to each group in a different way. percent.

Group 1-6-11 hours: Weather measurements taken BI: Burning index as measured by the Wiidland Fire
at 3 p.m. or midnight if the period includes either of Danger Ratiig System.
those times. Otherwise, weather measurements taken at FUFL
the hour nearest to 3 p.m. or midnight. Examples fire Predomiuant fuel types along the line of fire spread.
spread measured from 6 a m to noon, weather measured G is grass, B is brush, T is conifer timber, and H is hard.
at noon; fire spread from 4 pm. to 10 p.m., weather wood timber.
measured at 4 p.m. TOPOGRAPHY

Group 11-12 hotrs: Weather measurements taken SLOPE.
at 3 p.m- or midnight. UP:

Group 111-13-23 hours- Weather measurements %: The proportion of the line of fire spread
taken at 3 p.m. or midnight. whichever time was most where the fire was traveling upslope.
representative ,f the period of ac:ive fire spread as es- Aver. deg.: The average steepness in de-
tab!ished from the narrative report. grees of the upslope portion of the line of

Groap IV-24 hous. Weather measurements taken fire siread
at 3 p.m. DOWN: Same as UP

Percent Flat- The proportion of the line of fire
spread where the fire was traveling across level ground.

Sketch: A vertical profile of the path of the fire,

Explanation of Table Headings which is always moving from left to right.
SPREAD

Rate. Rale of fire spread in miles per hour.
FIRE Angle to wind: Direction of fire spread in degrees

Fire No. An identtfying number assigned to each relative to the wind direction. 0 is fire spreading directly
fire. with the wind: 180 is fire spreading directly against the

Line No. A number-letter combination identifying wind. All angles less 0 -. V are with the wind, all angles
the burning period and the location where fire spread was between 1't0 ana 180 .re a,' , st t, .'.ad.
measured. Type: The manner in which the fire was spreading

Time of start: The time wb.en the rat. of spread in the area wher, the rate of spread was measured. De-
measurement was started. termined from the original reports. H is a head fire, R is

Ikors of spread- The length o! tire over which a rear or backing fire, F is a flank, and 0 is a circular fire
spread was measured or indeterminate.
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steep area in wl;ch the i-c was burning. How- cold trail east on north line of fire. Division I,
ever, crews on bol' flanks -'ere able to keep Sector B. so be patrolled by tanker crew only.
secondary lines well ahead of thp" head of the Zone A, Drvision 1I. Seventy-five men wid
fire and were able to backfire a, e one tank truck assigned. Comolete ;t . mop-tip
linis, all line on the divis,on. Mop-up needed oser

A change in strategy during the day was made entire line from junction of Lawson Valley ind
approximately 2 p.m. The new strategy was to Sloan Ranch ro,;.i to Smiley Ranch.
backfire the Carveacre truck trail to the Gas- Zone A, Division Ill. Seventy-tve men and
kell Peak fire, including that fire in the Lyons 4 tractors assigned. Continue backfire line al-
Peak fire burn, construct a line from the Smiley ready started from Smiley Ranch to tie in with
Ranch to the north line of the Gaskell Peak fire crew working down from Gaskell Peak fire.
and backfire. Due to weather conditions in the When line is completed backfire from Gaskell
lower elevation in Sweetwater River, the loss Peak fire down and tie in line.
of tI': s.ail sectio-n of line in lower Beaver Hal Zone B, Divisions I and If. No crews as-
low was i.ot serious. signed.

PI- n of Action-Night Shift-October 3, 1945: Zone 13, Division Il, Sector A. Fighty men.
one ',nk truck, four tractors asigned. Continiue

i:30 am., October 3. Conditions on the fire indicated tn mo-up line Backfire all line that did not
that control would not be arompl.shed during burn out completely, leave no islands, mop all
the day. Manpower or 5

- for ti .,,gh, sh-ft line up completely along Wisecarver Truck Trail.
was placed. Manpowe;r orders were bastd on Zone B, Division Ill, Sector B. Continue to
the overhead aval, ble to handle men on the c-t secondary line from.northeast end of Gas-
line. kell Peak fire west to meet crew working from

4 p.m. Status of fire: Smiley Ranch. As soon as line is completed
Some overhead had been shifted to Descanso start backfire from top down Do not backfire

fire. All lines previously constructed were hold- until line is completed unless necessary.
ing. Head of fire in vicinity of Lawson Peak was Action and Accomplishment: Zone A, Divi-
making small runs, but crews were well ahead sion I. All fire !ine previously constructed held
of main fire with backfire on road, possibility of Cold trail along west side of fire in Beaver
completing backfire to Gaskell Peak fire very Hollow area completed. Secondary line from
favorable. Tractor line from Smiley Ranch to northwest corner of fire completed to Sweet-
Gaskell Peak fire progressing favorably. West water road. Fire line from secondary line east
end of fire near Beaver Hollow completely laid to Beaver Hollow road hot spotted.
down, little or no spread occurring. North line Zone A. Division II. All line patrolled, par-
of fire from Beaver Hollow to Sloan Ranch do- tially mopped up. No break in line during
ing very little, backing down very slowly in shift.
draws leading into Sweetwater, large part of line Zone A, Division IlI. Tractors completed
appears to be out. backfire as fir as possible for them to go. Short

Size of fire' 10,300 acres section 0.2 miles to be worked by hand not
Fire line controlled. 24.4 miles completed. Tractors worked on secondary line
Fire line uncontrolled: 6.7 miles from open field near Smiley Ranch east to tie
Lyons Peas weather, October 3: in with line worked down from Gaskell Peak

8 a.m. T* 78 - Humidity 28 - Wind fire. This lEre .4--s completed.
SE 21 Z,,a. 13, Div:s-.,n I ind I% All lines hei,, ap-

12 noon T 82 - Humidity 27 - Wind pear dead out.
W 8 Zone B. Division Ill. All line completed along

4 p.m. T' 77 - Humidity 28 - Wind Carveacre truck trail to Gaskell Peak fire. Some
W 3 islands between Lawson Peak and Gaskell Peak

Organization and Strategy- t-rategy was to did not burn out good. More firing out and
patrol and hold all line already constructed To mop-up needed. Backfire would not hi-n after
continue to allow the section of line between midnight. Tra-tors moved to east ot Gsslell
Beaver :ollow and Sloan Ranch go unworked. Peak and secondary line '- nc,-hve,
To work lie west line from end of preseit cold upper Lawson Creek.
trail line itlo Sweetwater River and mop "t up. Summary. All lines worked as planned. Crews
To complete ,ackfite on south line in vicinity assigned were not alt,e to complete backfire line
of Lawson Peak to tie in with Gaskell Peak fire from Smiley Ranch to Gaskell Peak because oi
and mop-up this line. To complete line from burning conditions Very rough and steep area.
Smiley Ranch to Gaskell Peak fire and backfire difficult for nght crews to work Backfiring was
line. very slow Lad did not clean up well because of

Zone A. Division I. Sector A Fifty men as- rising humidities.
signed to west line ot fire To cut cold trail, (The fire continued to spread sporadically for the
from end of present cold tail, around west ,:,. tiex: two aays. when conttcl was completed, but its lIe-
of fire. To , , a wide fire-break from NW c i- hav~or was such thal no useful data n rates of spread
ner of .,te to j.eetwater Road. To contii',e could be ascertained
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Appendix C

Example of a.. i'.'ban Fire Case History
(Note: "The following case history is based on W;1.

liams' (1954) book Baltimore Afire, published and copy-
righted by Schneidereith & Sons, Baltimore, Maryland.
Excerpts and illustrations are reproduced with permisston
of the copyright owners )

The Baltimore Fire of Heavy "builtupness' anc moderate wind speed were
February 7-8, 1904 the factors favorable for fire spread. Other conditions

were generally unfavorable Tha: sk5 was overcast. Snow
The fire stancd at 10:48 a.m., Sunday, Febntary 7, lay on the ground and muddy slosh at intersections

191u.1, ;n a 6-story hr::k building occupied by a drygoods Relatise hu,"udity ranged in the 80's and 90 . and I"
1"-. $iiween this time and 5 p m. the next day-a temperature rai,4 tn the 50's and 60's Yet flying brand&
pe,,od of 30 hours-the fire burned out 77 blockq. It set fires up to 5'2 blocks ahead of the main fire front.
swept through 139 acres in the heart of downtown Bait- Although the fire occurred more than half a cen.
more (figs. 19, 20. 21) and destroyed 1,526 large build- tury ago, 'h buildings destroyed were substantial sky-
ings. scrapers, even by present slay standards. Many were rated

140 ACRES OF DESTRUCT;ON

SUO*V AflCAP'OON WCVENNG W SUNOAV ,40.HTW -ON0-VMOWNN W 4N* *fCNO

- C(Y~n(* 00,00 it

o

.,.cc, *1 o110PL-

ri l v ,

Figure 19.-Map of the B altimore Fire, showing tine approximate midpoint
of the fire front -.t. various) timies andi final burned out area. (Repro.
duced from Batlimore Afire, puhlished and copyrighted by Schneider-
eitt, t S' no, Baltimore, Mart!and.)
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Figure 20.-Baltimore after the fire, looking dlown Lombard Street. Brick
biuildinigs crumbiled. Fireproof buildings were gutted. The Continental
Trust Building ;. behind the large structure at left center. (Reproduced
from Baltimore Afire, published and copyrighted by Schneidereith &
Sons, Baltimore, Maryland.)
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"completely fireproof" In Wi'!.,im, words: "... The edges of the fire toward St Paul Street where buildings
sixteen-story completely fireproof Continental (Trust caught fire by 9 o'clock. ..
Building). tallest in Baltimore. burned like a torch ... " . "At 9 o'clock the Bank of Baltimore, on the north-
Another "fireproof" skyscraper burned "as if it ,. J - - east corner of Baltimore and St. Paul Streets. caught fire.
made of matchwood ard drenched with gasoline .. ".From there the flames ate strough the Exchange Build-
The burned portion of the ci' probably is represe:itative ing of the Calvert Building. the first of the fireproof
of large sections of many American cities today skyscrapers to catch.. .

Relatively little influence was exerted by fire suppres- "By 10 o'clock the solid Staltimore and Ohio Rail-
sion action since the fire was so large that it overwhelmed road Building, on the northwest corner of Baltimore and
nearly all efforts to control the flames The fire was finally Calvert. was burning. At 10: 15 the 16-storv 'completely
stopped by the water edge of the harbor; Jones Falls, a fireproof Continental Trust Company Building, the tallest
slough 75 feet wide:; more favorable weather conditions; one in town, was afire ...
and some effective fire control action along the Falls. "The flames iii the area bounded by Fayette. Cal-

Weather (.ini ii. rns.-Weather dqta during the per- vert, German. Light and St. Paul Streets were unust,ally
od of the fire %ere takc by the U.S. Weather Bureau intense. Firemen estimated that the blaze here developed
oice. tea. the fire area in downtown Baltimore. 2.500 degrees of heat. When the Cdrrollhon Hotel, on

Date and time Wind Wind Rel.
speed dir. humid, Teip. Skcy

Feb. 7, 1904: M.p.h. Percent OF.

8 a.m, 1 S'Y 96 41

10 a.m. 2 S -- 48 overcast
12 noon 20 SW 64 --
2 p.m. 16 SW -- 60

4 p.m. 18 SW -- 60

6 p.m. 11 SW -- 58
8 p.m. 14 W 84 58

10 p.m. 22 W -- 60
12 p.m. 22 NW -- 5,

Feb. 8, 1904:
Morning brisk NW -- 130 clear

Afternoon brisk NW -- 130

IEstimated.

Mild weathcr February 6, the day before the fire, the sou:heast corner of Light and German, ,;as blazing
had me'ted most recent snow, but some snow and slush from top to bottoi qrm. .,d not get mithin a block
remained on the ground The wind, which appeared to of it bec4use of the terrific . ., ar,, ine flyniig -parks
shift dire~tion frequently, contributed to *h., diffielty of which swept the area like hail....
fighting the fire Thousnds of win-carried firebrands "Shortly after 11.30 o'clock a cornice of the old Sun
spread the fire more than five blocks ahead of the main Iron Building on the southeast corner of South and Balti.
fire front. more Streets was struck by falling brands. The first blaze

Fire spread.-The rate of spread was computed was quickly put out. Fifteen minutes later (at 11:45 p.m.)
from times given in the narrative account and distances the American Building, directly acrss Soutlh * ct,
scaled from the fire map Locations of the fire front at ...ght fire and burned fast. More brands fell on the Iro:"
vait -is times as giver ;,. the narrative were plotted on Building.
the fi.. ,ap to determin d-istances "Five blocks to the east. ,r-,s set fire to the roof

Significant excerpt. fi ,,n the narrative account foi of the old and historic Maryland T'istitute. scene of many
low: political convention,, in Centre Market Space at Bali-

"... The fire started (at 10-48 am ) in the Hurst more Street. The building burned for three-quaners of
Building which stood on the south side of German Street an hour before a stream v, water was :,..yed on ,t.. .
at Liberty. Smoke explosions flared it west and south, "At I I p.m. the ,:al changed o the northwest and
but fresh nnds from the southwest carred the broad reached a maximum velocity of 30 miles an hour. At
tront of the blaze to the northeast. By 3 p.m. much of that time flames were racing down Baltimore Street as
the area betvween Fayette and Germat Streets and west far ., South Street and cut:'ng through the financial
ot Lnarles was in flime' already burned. At 7:30 p.m. district in a southeasterly d:rection towyrd the water-
the wind changed to t!., wcC',. drrying the ragged eastern front.
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"At 3 a.m on Monday tthc southern edge of the fire, practically everythzng to the Falis from Baltimore Street
which had been checked along Lombard 3treet, finally to the tip of Unicn Dock. Carried by the northwest wind,
crossed Charles ;ad moved down to Prat ,-i- y I sparks started dangerous blazes on the eajt side of e
a.m. the north side of Pratt was blazing alm.,st ta ; stream in the vic;nity of Union Dock but these were con-
Fall-. By some quirk of wind, one !i; of the Ire t-tned tained and conquu-red. Tl,e Great Fire was under control
at thie Falls and went rushing back to the west almost by 5 p.m. Monday"
to Cheapside through the dock area. The last documented ,pread, by spotting terminating

:A last-ditch nght was made :long the Fails with at the corner of Harrison and Prtt Street, was obtained
thirty-scven fire engines. By II a.m. fire had destroyed from another casc history of this fire.
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Appendix D

Wildland ire Spread Data

The fnllowing tables contain rate-of-spread and as- WEATHER

soe:ated data for large wildland fires. They have been Wind vel.: Meas,.-4 wind velocity, in miles per
s'parated into ftour roup's according to the length V, hour.
time over which the rate of spread was calculated. They Temp.: Dry bulb temperature, in degrees Fahrenheit.
w'cre -t'uped because the rates of spread show a strong R1!: R?:,-tive humility, in percent.
,,- idcny ;awards time dependence and also because the Stick. M.,,slrc content of -inch pine dowels, in
N, athf r data are related to each group in a different way. percent.

Group 1-46-11 hours- Weather measurements tak.n BI: Burning index as measured by the Widland Fire
at 3 p.m. or midnight if the period includes either of Danger Ratiitt System.
those times. Otherwise, weather measurements taken at FUFL
the hour nearest to 3 p.m. or midnight. Examples fire Predomricant fuel types along the finc of fire spread
spread measured from 6 a.m. to noon, weather measured G is grass, B is brush, T is conifer timber, and H is hard-
at noon; fire spread from 4 p.m. to 10 p m., weather wood timber.
measured at 4 p.m. TOPOGRAPHY

Group 11-12 hoirs" Weather measurements taken SLOPE:

at 3 p.m or midnight. UP,
Group 111-13-23 hours: Weather measurements %: The proportion of the line of fire spread

taken at 3 p m. or midnight. whichever time was most where the fire was traveling upslope.
representative f lic period of ac.:ive fre spread as es- Aver. deg.: The average steepness in de-
tabl:shed from the narrative report. grees of the upslope portion of the line of

Groap IV-24 hous: Weather measurements taken fire spread.
at 3 p.m. DOWN: Same as UP

Percent Flat: The proportion of the line of fire
spread where the fire was traveling across level ground.

Sketch: A vertical profile of the path of the fire,
Explanation of Table Headings which is always moving from left to right.SPREAD

Rate. Rdtc of fire spread in miles per hour.
FIRE Angle to wind- Direction of fire spread in degrees

Fire No.. An idertifying number assigned to each relative to the wind direction. 0 is fire spreading directly
fire. with th. wind: 180 is fire spreading directly against the

Line No.. A number.letter combination identifying wind All angles less .1 1, T' are with the wind: all angles
the burning period and the location where fire spread was between 1.'0 ana 180 &,re a,, , st i:%, w.ad.
measured. Type: The manner in which the fire was spreading

Time of start: The time wlt-n the rat. of spread in the area wher the rate of spread was measured. De.
measurement was started termined from the original reports. H is a head fire, R is

llo,,s of spread. The length of time over which a rear or backing fire, F is a flank, and 0 is a circular fire
spread was measured, or indeterminate.

54



G1OUP 1-6-]1-Hour Pericds
I " ,L .O?)GAPHY I

FIRE WEATRER I SLOPE ISP7E':J

-F7 - - % % i = -. - - t ___

1_ _ 63 30 0 2- 1 36/

!e.?8 1,2? 1 4 5 3 - .c>20 /o -11

-2 __ I1- r7 -43 o 0 /67Q/00_/2

6713 ; , / ).2 -12 2,->L

192 24 -76 1-<f-- 3:; 13 14

04:44 -__ - -

C 1 1 6 4 3 o 9 1 / 1 3 2 6 2 4 ! -r 7 0 1 42- o d o_-

- L -Z0 7. 17D'2- Z 241 -7- -- /co 136 _16 1, 1~3

-2J6 4Q (2 3 0 7- 241 a /00 17 - _

rao z~o I,(4 17 92241 63 17619 26 Co __ __ R g 2zR

'20 /800 . 3 ' 2I&*2 .Z4j 6 4-5 1 1 20 24 35 06o, 1
72E I Cow I & 9 "L0 1 22- 24 6 (.6 /0 __ _ 3.5 r,43p 6 H4
2

L 180030~ 06 12. 624 4 _, __ ==::436 4

2& 3 ~ Q o -lo 1i44 : 7- Z4 c 70L E 3_ 04a I-- I

- 307/ 11671 24 6 3
- 25 3 4 07 1

31A5 zz8c .159 14i 2..2 0263 t
- -401 a 7 167 2 s. 6 1/0 27 5 2 .56 -- o-74 2.71
aL240 20 72// ( 2 .6 a. 6! /8 1 35 ./

-3 240 , - 7 2 119 2Z2 26 a6 .14 o0(o )

- 2 - - 20I I-7 2

4 (1" . o,35 "7 4

11.U5 1! 1o 9 -2 - - g.

48 oit/Z I 1 10 1993 1811z0 215 2 6 i 7 ? -. -,4-- ,I

_L& 0600 /0 q612. ? o - -- , 1 /00 - -1 1-40±< H

,oA 9&0, if /2 6 -, -/1461

55



GPOUP 1-6 !!-Hour Periods

I '.OPCOGPAlPHY
FIRE WEAT SLOPE I 3P EAD

No. No Start Temp4 RH Ist1i". BI FUEL I% -9111 a~ -_ r w '2A

6C =00C Q- - 98 13=7 I - -r6 1 - 8 .3o 1>3/2 5

.5 JI1200 G~ 8-i6 107, _12 __ _? 0 G8 100 1-1 1 12,50 1

40 &Ir. 6i 3 &S/ 6 34 ;L- 
4 

.6

*2- 
6 0 

S5 130 2.35 .Z 275 5 _I/c ioo & 12 751 4-5 RI /6 /6 L 1-3

T I V

~ O~'3o -'- -s "

/3 14 00 .3 Li 6 19 1 & -IC

_L 7-7 Z/'0 4

II

__66

L6 400 H- - 79-- I -/ 0 16 S6 1 2 12-1-

23~ i( .. 140 & 7? Z4 2_ __ -915 / .4. 5 -16 - 2.o/c1,-

14 IA ___o 8_ G 6a 9 o 6 - 6 0 ( so C:

8~ 6 ,qI - 4 / 6 10 /1 - - 1i00~ "' H

4VL 64 / hiI 1/ .043P_ AL1
2w P y4e 2L Y6 -7- os 33&{J q

114 14-/ / - .A Z
/7I ,1~2 , -1 26. dQ 1 20 .11 3

2q I .IP 1133 202.~" -s - 1K .
1191123- &.~ 12_6 4 3 126-Z7

1291,11,30 /,/ :o .9 2d o 571 & 11&0 . 06 .356



GROUP ' ".- )ur Periocs

r!OPOGPAPHY I
FIRE I WEATIER SLOPE M j -?.EAD

IFire Lm ejTwr~ o 4 iH .~ d 4 -v- 
oo S e ch7:t

No. NJo start __dv..TIF __ 1 ____ ~~ I ug ___VL- '.00 o riSz tA Fcv,,I

,3311B 10 ?-,D 4 e3 zap-6 9 e &-r 5o /4 5o z - .0444 MON_

1.9 40 23 4C) h 20 _

-- ,-- 618 L9,f ,31 .3 a 60 .lo: 40 I1----. , 0
rA;1246,_ 11 i1?& 25

14z1!Ai2_o 1 & 97 12 ? 4 36 e 10 / -I- .20 -5 3 4 W H

14311 A 091 , 1 118 , o.&V :3 . 6 5? 5-1 7 - ,0o 5 I6 3 " .042_. A6.._

i. 0400 1 3 69 51/ -, z /8 /,g 0, , :A

4 // Mo_ 2oy_ J 02I I ~I s- _'4~~±141t6 1-4o0 9 112- R6 IR /9 1 9 70 6130 /3 -o37, 49 r .// 2i

_ q a ~.- 13 8 2' S' 1, a 4-. 4 70 5S L,_ G41_

11 3 ?Z . 1 / 3 9 12616-5 13 .40 60 /6 , ' i.

/ 1 191/ O 2 84 5, /9 1 -& ' 1 R 70 ;9.3 mg V

4 01/0 7 /3 6 7- 1 72 0 4 _ 40 9/

__, /, 0 2. 7 -F LLJ1/ /./!5 -7" F I
40z ioo lo 7 .7112 __ I -

_ A d IIh .2 ',-.-Z" .o7-=--&.,-! -4E /&0o 9 l I7 6 s ' 3-r 111 1o 8 : ...--. 9o 12 Z H

1(01 , 10 e 4 j !/o -r" sl/4 _, _ _ . ,  4 H
I 8o E-, -- - LI:

jL OLi ~ t C R O 1 / 0 1 9 1 7 1 1 5 .T1 1 / 0 0 / / 1 2 6 o o

eIA 09// 42 6,t 2.6~ .5 9Q~ a-r -

6  1A 1.C ,1 ' 6 . 0 -r41 /0 .02&7 L

__IL'3o 7~~Z2 6/ ""? .73 g4 - 1t 2

I~~ ~~ If13o1 7.5 / s.69 4

1__ 1A03__/ o 3 -T - a 2.0_ /___ 4

__ _a11 qf'" I __o /3 4 13;7Ia

1/~I2?JI A", 88 pQ~" I4~ 2 H



MIT" -- r'-"-fHour Periods

FIRE WEATHER p SLOP E  ..;

N. No TStr ernRH oStick I B I% rj %I j" Stch

L/A_ I000l 9 7-L0 2Z 3., /67 41-04 / 401/9 2. 04Z.93i

I" s O I , 0 7 -79 . :9 07- 17, 3 o 14T" .6-2/' 59[E
3 O6 1 4 - 141 0 1

&0 7 7 17e 123 13 P - 46 1o 1 6 4 - 4 1
Pooj~Q 9' -7 -7 Z4135 1 / e7- 13 1 0 / 49o! 33I g
ta-f _ __ - ---L --~28

IF 10900 9 -7 21 .-7 e-r .55 46i 12' / e

-- , IO F 7 I1 72 6 14 67 146 4I 14.4 /4-/ 11T -MI 1H 1900 9L 71 2 .2 3-S ILLu:. JIS j./7 1.'5 1/1 1440J 7 Hf 1- L O. 00Q ? 7 79 23 13-1 4 - . S'1 /4 12 2 /6120- 0 i 4

I'S0.0 9 2 as 6p-o .7- 1 6 - 1541 16 /2-20 11 /089 'I j
10900 9 -7 7&~ 2S aS] 11 CT 9? 114 20 .066&e 14 -LL

09o 9 - -77 4 1 ,1e- o /90 __ .611 2- H

IM11 10900 9 7 1 I 7-141.. 1// 17 - /0 / 042 4.0 11

134o 4 I 1 19 46 /6 Z5 /0"0 2 .0300 /0 2a

1I4co & 4 107 4 6 /!5 o 1' 4o lo .0967 /9

j5 D so..Gp i 4 ; £iiI & z __ I .4 /

0 4o 99 9~ 4S~ / _ . -110o7 1 4F 9 41 L

11F Mooo lol, 9< 4,S /! 1" , 1<> /. 6

64 1 IO 7 6, ); &/ 461 -7" 0 / 3 /0 Z3 20 166 a4 4

~1 630c, .6 8 4 6 m - 1 6J -2i 1>: 2g .-74~ . j

9 167 1B47.10.7Q 2-

6o6 )A t.3 00 1Q i)61 4; - 19.1 d 6 1,e C, Z0O'I 21 4

16 100 0 11IO fi 7,-24 /3 30 2 e 2 60 l-qi d

I i oo 1 0 16 9f 1 _ 8 .Z? /P /0 1l70 ---. /kiu 1
i 130m, A 4 9 -4 _6 - 21 H

ALo-o(X- 3a - 5 Q/ S I .
9 OR 2 H

(.5 3A/? 100 -7-~ 6~ _ J 1 . /6 7 6 _ .4,n,, H

36 oo -7 -~2o 4IZ 36 -7-& 1
2 o~ , 16 1966 1 16zI(

1 12L 1/00 -7 ~~20171-2Z '1548;_T& 1 l 1/31 /0~ 2 -1 goi 1 o3r0
M *1 ~o7 10 /0-, 2 . 1'561C, 423o0 29H

Le I Oy zi o.tjIL) -9 e- L, 24 H

58



GROUP i-6-11-Hour Periods
'_0OGPAPHY

FIRE I EATM SLOE ?A~HI i .U? W .

0. No -SZar Koo!0 empd RJ tk 1 LE . A<.oeol S I .R H 1-t B I q 2 k t

?1 4 46 H_ __?0 - _.
1 7 

, .

V _
tfJ o9100 1 -7 "/0___ 80S'60l 

u59

2 Y-3 -7, 2 7 ,5 I0196 0c0 9

O93- Io'2 77 2e7 , 55 - 7 -1 20

IAL 693~ .- L A4 /Qo 141
_ ' 3 0 9 3 ~ 0 7 - 2 6 , 3 6 'd I3 o ~ f .

-10001A. ' QQil/2 27 ~- LI2 
49 _ _

I Fl 09o I/0/ a 7? 276- .22.& 4G .~ _

5 030 /AY 3 -7 2 l .5: ,qo ~040..

-Q of.30 I 0 .4a If 127145:6 1,q/0~~0 0
T _3 -- 1 o, i 7 9 12 iS. 18 /co0 1/01 134c

IL 09.3o 'o'k 3 '76 12 1. 19 T 10 ~ 1~I 2

45 o , _ /0 ' 3 79 12 ,9 15 ,5'c j 4 - 0 -g 7?0 / 1 4
[ ?190 9 /0 70 70 1 45 /00 4, r~~--~

_ Qo/~z/ r~ - g10 
OA30 m9 7 ;W 4£- 6T- ~ ~

- 61 r 6011 0 40 - 5 go1 I oF

ll 3 z 7 91< -70 lo__ I 3,) _,__ )Z__ F
In_ 0?13' /9 A L 6 2-9ss 10 62-0 I

E59Cc /



GrO?:-6-:.-Hotr ?eri& , z

-: -O PC G A . H Y
F I RE WEAEWR sip,: E 3~.

-I t i O . f
"  

-

- V, o0900 9 2 , I53 1 67  27  9 bl 12 , 3- . .
IoJ44~~ f I ~j '~ -f 1 

-2 0 M 2 0 13 6 ,1 12 7 s ,' 12_ 1026_ l o20 o 2o 6 1 -,1 : 27 .. .. 1 10 / 105W 4

_ !,.0?0 o0 ? .20 59 135 15 2 7 67 -11 ") o , 1
e  

?o I o:ar opoo 9 .67 1. '. 6 27- "> 6- -,/ 0 /0), l'33" 1:52< ._z -1----___. 0o._ 
ZI- 1 i 

f 

3!i < I I o e , /3 -12 4 4 16 4 5? ) 1 /0 1 . -- - iZ s 1

2 C - 1 2 -0 o 1 ,2 & / 3z -74 2 9 Y -i i o 1 1 , l o - -- . .6 7 0 . 5 2 1
.2") 1 o a1f 6 7 2 4 4 1 ' S7" Q! z o 0 1.20 - . 440 o ., 14
.7E? 1~j 1 137 .241 41291 ff __1/76L1- .21

2F 120o 3 7 Z4 4 2 .91 7- - [oo 29 '14
2&/20 o --20 124 4 29 /0 0 .3770 32- H

12C ( 2 . 24 4. 29 Or &6$ /3. .33 2~.1i4

2 12o- j& 13 -8 2 4 291 T 6 44 6, d

120 & /3 7? 24, .4 291.I / o 67---/- -.44o 2R 14
2 2(o 8 Y " 24 4 2 e7/0 13 4 _ .6,7 26 W

z J2 l 0 1 & 13 -7? 124 4 2 7 / _ 1 " / 6 0 4. 5 0 , 3 , V
2 M 1 2 0 0 / 3 i 102 4 o /0 0 6 1 6- -i .4 o /.7 /1

2N 2 o 6 .13 7 24 41 29 67- /0 0/3 -. - .967 .38 W
2L7 12 0 6 8 , 2 4 4 2 . o t z2 /1.6 67 ,.o 13 41
2 c 12- 0 j6 /3 7 12 4 4 z_<( 2 2 6 _ _ _ 4 6 .2P 2 6 1 '792 4 29;167 [12 .4. 0 1" 120 91_ __

I _ I24, 4 2 
1 
i 6/1 0 1 lb -so 490 .53

2e11 ; 1 2411291- 1 /o 1

171 2M &01/3 77 12_ 4_916r__46I - - - f
.?(U 1200oC 7I 1 261 4 211 q f, /116 0

- 2V 12ZO 1,-74±26 4 Z9_ W. - W 40.200_

-? 200 6 3 76 26 4 z9 1 00 /0 LJL 4&.3r F

77 3A 2001 .1 j92 2o I21 6& 360 13 Z 37 60 4611

)2CLa ) 18f !5 92~~~ 2C, 8 .2 5 2 1 _ ;-14_
=6& 1 9 2 ,- 20 15 2 5 z/L;v ~o ,I21h

3 1 0 16 P1212,1 01-l - / I R - //,oI f3 HFfL j L 1 1,e 1/8g 30 Z!6as'60



GROUP '- Eodr Periods

FIRE, ATHER ?LOPEi

I r -N

re oI &j , 2o Line T Ho .N T

I2P20__0 5 634 f ."- o 14 - - .2- If

No fr t? UL 754 ,thRt

-r 8 /o3 0 1 7 /:5 9 8 T& 86_ /z z 0 0 .4235 - .,

38 o2 1 o /'?. 6- 2 6 "
0 l 1_q_ "

13.r 200o , IM 52 6"9 7 20 V.0 3&

q 20 '66,
__ 22 i0 93 /9 /0 i14 _ 290

__i ? xi 41 6 ___ 6&_o___ +

2910c1 9~ Yz / 72- 1 as 7- A0 46Q - Z-16

85 /1430-176 /24 S.5 lo* -r ,co 0720 .

142 _- -7 -1 24 -._1 /0' . 21,9 4A

14o-.17-/IU / -77 - 79g8 4 H
2A 0 81 < 43(- 1 ~ -r - Z6 7,

2a 220 8 6 I 43 6 .6 2 --r

- 220 /56 1 6 3 6 5 1 -7- 1__-5 _
:20 20 8!S - -14- - -- 1. _ 4 77

.2E 2240 ea L.. k .5' 6 3 4 7 2<0! 70 /4 ___ 2, Z

S, 0/. 9

1.3& 0n ?e S.129 f-1- -- g, -

.3_ 4 f,0 1 7 1, 2- -r- -2 2j 2- 3 !5 SS I

781 271.

A..~.~"' z Ic 9 11.1 .47Z _5_7 7. 9 - 73cA

LiQQ. .0 4 a S. -7 9I 7- ~ 1_ 7 H

262,2 IT1e £ _2 9 $ 92 I 1J-6 4

61



GROUP 1-6-11-Hour periods
ij TOPO(GRA~hy

FIRE EAH3SLOPE
ITO rE__ R_ %St

pRg /3 117-3o 11-6 8 1,? 1,3o 1 .5 /- - /7 ToS 46 _

it, /L.3o (.5 8 I ?, - 12- -7- Q 4 6675 771 PA

K ta 1 ( . . ia2o S 121 -r loo h .291 96"

S'E. "7C C0.5 30 , 5 /Z/ /, 19 -. 21 15 3
11 . ,A (o IZ 94_ 2-7 .5 /,,5 _ " . ._ " Ca .';--''4 n ,

- r , IL , C, ( 1 2 2 9 .5 " - q 7 4

_a- 948 2; S* -0 9 4SI/ -6 4 -
-090r I -., Q 1

IfL 0o 11 2 2$_ S/R 1, 3 &0/4O) .242 1' H
93 1 / .,,10 9 68 54 4 -7 9 1- 1 751 20 4. , Y C - -

16 WO 9 3 8 34 7 6 1 I,,5L-'_P o>3/

~1-~--
_- 7 A - 7 6.6! "7-- 3/ - - - .,3 4 _hi

_?/t 93 6 ( 4 t, -i-

- /0c' o 2 4o 2 0 2 121 1 - ._

IF 21ot, L 9 Q -3 6- .34 /r, -r - .O73 / f

,- oc5 /1 1, qA 2 I,- , . z 1 - . . 1 1 3, _--.1 1.-,r I H
.- ! It P zz 6 6 / -I- 1 - / 16 1. 1763l .57 F

97 / zz 0&0) .1 /r T98 12s .5 a, -r! - 1155 __71 /.46o 2e " 43

! ,L x i2/3 0 1 2 5.- 5 / 9i -rz - /0 - .07 ..2 ! ".

1 . 1 71 9- 0 4 92 1 . .... V o L? , /75 C

I I

9-7 ,?o 114 1 I'S 4ol 1;/dR? 3 T-q /,- .//On, 25 H

, 63 , 1 .P , 9 -,, -? 39 - r, 6 1 /00 1II-- - A , 4 .2 H
1/ 321-19 re I_ -j Igo/O 26RA

LoL 123c' 23f 2.3o f3V -Ta- 22. 1
20. 0ROO) __9 4

20 pcl/ ~I s L91 l7o /IJ~ - 3~&j i..

H 14Q R5 - __

62



GROUP -6-1i-Hour Peiocds

:k COPPHY
F EATER SLOPE SK,

I _D _ _

/0 6/a - 7 10 13&.6~ 'd go /o l) 0
- . 3 1 4 14 3.s - 7r /0 -.3_ / 4 5

1_v6 1 o .-
3

,U ?50 0 .45C _ .2 11

t 1/104 1.. J. l .632 _ 0 -

;1& __03 ' /3 04 1 3-..s3- 6_ 11 11-47 P 1L Z - If~A530 Z .-,o --LiE /3 .5 S 2- 6 1n 5. ,0 l..) ,--4.32,ol ,.H
1- / 3 7o I /:1, ,r, /3 .: : e 60 /.o 1 1__

I'S /03o "7./61' / oc /,3 .6 - az 45 SO /19 0 /0: L/ -.J,

'IN/ ?030 1751 /5 1lo6 IS .3 3.6 'R; , ./ 9 5n L,2.$ /

IL 10 Z . ! /'31S 1 1 -' /3 /g ,-. B 4 Q2. //0 23q -

I . 13 1 3 3. e , "10 1 0 _ .2/.3 0 I1,9- 10o30 "Z-! _a / , /.3 la s 1 1,6 .22/ /,o :2z- 34

io4 IA lf,3o V.6 1,5 . 06 61 3 .4,q a, 1 /00 -- -9; . 1

-6 163o 6 1 -1 61 3 48 - 1- -- .44 6 40 9-,

bC0 / ,,30o 1/ 9 4 7 w " "0
I F1 13o I o . !.5 6 _ "q -I o -- L. .1 -o 1o71 L

ICL 13oo /Z/ o 957 /4!.1- -S -M- 0 /0 "3< 1 9 16 1 9c9 16411

ID ,3oe _l 0I , 7 /r/ 7 71 2- 5 .1/ 91, 9 / : 1 //I
1 1 " 

1300 /, %q A5£ "3-5 7, 7- 2"1/1 .75 hj ( l_'l/

1/ 1 99 1-6 3L Z . 5 I 7 - - 1 / 0 j qj y

L6 .3 /o 99 /63.5 25 - .3. A'

1q /3-0 _j1 7 4& -" o13 2 IZ~ 9:o 7 /aS / . bI l/ -- lz'¢ /,3 H
/,3 1,/ 06 // 6) F7 A, . / 13-. 5; ', --- .. 36, /,07 /

IeIf /2±4 "9 1g: I4I -n- 2 WF 6o / 9 1 ?0 .54- -I _ L 5 _.I_ , _ 7

63



GROTI P cu erl'As

-- FIRE WEATHOR SW[ I I

I e-I
pia NOI- st r -l. B

__I E /2-4- k /14 0;s e r

i6_ i___ --



G.ROUP 11-12-Hour Per~rds

FIRE WEATHER LO E3,:F.
Fwe mT,rrQ+s _W ____ FUEL Is e

Na 4o Star ,'1 )e IR1 dS-l B! LiiPa ,

17-/0 ?o 9 2z 4 6 24 8 0 26, ___- 03641 16 11
--1(-060 / / goa .2 41f 4624 19 46 16 - 8>t 2S 1600 2014L1

/94 -?-** 60n -L0 40 .2 04601 4W~j

hf RCOI Q 634616 __ 6J a 0141z376

3E1qQ Z~ -. C, 7 41 6 & ') I c L~r
4A ~c' 17- /0Q 93 ___40 3 16,

5A sco123 C S-3- 60, 7 6 130 124 70 __4 -

- , i .. & - - 0297 1 L Q

&AQ /02 L? - .Q2 8 16 24 OT too __1 1 .9/ 2

_L2 /0 (9' 1 136 241 1 1010

(0100 -12 ./0- - ~ 1- '? :2 361 14 -T 7 £61,7 1 26 2~z & j

_ F 100 12. it 4 .6 z.5 1 ~~---
11 O6C /211 1 12±11 3 1F

____/0 __12 __ 64 ,146 1 /,-,o012240f3 /6 (

_7 18c 1-2- 3 64 44 15 5 7 A - .2IL _

_1E _Ow 1,, _ 16 4, S_ 0.S1_0 1- /

619~ Obon 1z .~i III 79 274I2_l- 1 - / 1 2025 L
_ 6 moo J 62~-Z 84 21 4 t - -- R ~ "' 1_ 0iA~ I~. I -4 F

4, o ,7 1. ,- 4 .3 6_ z e 10 , /7

4 _ 0__ _/ _4 e- 4 _'S 6 ow 115:2 / /2 71Z'4 zk 12 2 __ 1,$ . 14 /
~l /"' /2 12 17/ / 3 116 ;o Q i-6 !I 'rO ~ C~,~ 2~

65



CROUP -1-12-H-ur Prlrcdo

FlaE W FA 71E R SLOj
U? Xi

FeLdne T4"~o )~

No.- No Stavot R'4 PH IStilk B! T,' 109 CIA_ _____ ___

-A- 27 2-59 lo64 r i~ o 16, 21
IL 900 12 --- 7 3 *1~ -;T __6 /0 _4 /00 -1_ 0167 /00 r-~

26 80 -1- -66 (.5 . 4 g .5r, --1 i V4 Zl o6e4-l zi 1

2co .12 __ __ __ __.5 _ &Z5

.2C 2000 M __ _

_9 - 9 g 0 / Z6 /_ 7__ b'5 1Q.26o -

2~ 12 -ZfiL._6 4 _L_ d.~ SPO Z'e 20 241 -_- .1260 491
09 2- . c i? 31t 6 A~ -1z.6/612 t--' .,33- 43 14

-4 21/-_0 57 '20 z-3 61 Z 6 S66 26 z4 I42o / t,

- 9 7'1 24 4~ 43 1ik 4A Go 66k l 4/ 24 04
_O2 _1 _ 1 75 3 4:524 6 J/001/0 1 0/!11

I/IZA1,;ooLz 1B & 6  132- C- 117 2z o fIo661L17

111 M 3 1 - 42 31, _- '/ 11rW 6 127 (-5 119, 04 ___t

1T q

C- /80 12[j f 4: - - i11 11416 41 0

C4, o 11 146 -4 96 28 1 &.q _l 9 /0 __A i6e%.; 2101

/R2 :2. 4 &Z 649 ge &11/O 1~2 - --. ,.

_6 800 2- 2- 4_P 1 00 Js ' 0/7

'2Bqoo 1z & _ 1 L 1 L5Ql4 oz.o ioI FH

I- 2. _ 2- 1- '1 93 R_ _

66



GROUP I--12-Hour Periods

'IOPOGRAphy I
FIRE WFATHER SLOPE ]l E'-

[ m ___---iid oqjI
start * A R Istia1 31 rCEL- l % =tc -Zt -

I- I e -6 1-3

Ol,, Bo 1-. L L1 I , , ...o I , , 3 3:, ' o Idi
-2410 0o , 1- 4 8- 13 3 - 5 / 40 0 13133 Z&2 -0 1

_ 6 0 ,?o 1 2 1 1 642 4 H 1 ' 13 : z", a 17

L ,: , , .'' 187 . L S ,3! 3 - - -- .,. ,._

1l,3 0 oo J-6 -L i 77 3 4 A6 14z 5 -1 56 I-- .,037 ,:1

(p - L-_ 6 A lo 114 _ 333 o o

GA I&Oo mZ 11 A. a 7 1 /3 O_

n /Coq Iz & , I 4 -3 a 14 a, 10 /0 1/1 o3333 ,e

no i i-7 e .- 4d 4 9 10 13 1

36 o_ g /? 7 5 8o __4 4- 5 0 1 o lq 4 1W 1(,

3(- o~o I n- -7 6 a /.1 1 0/7 34
A~ A 0(t'0t 12. I'zfL 6 2 C 4QL J9 Z- /9 _7!5 10/ 6 3 .

__ A _~ 1 9 -, 4 4. 10 4j6 3 oo J( J __ . 7 1/7B 10

1_ A _ w 1n112 611- q7 0 z- IC1J 4-,--. ! 93V 17 1

4-7, 17 4/ 12, - 3 1 8 460711, - olo, 3& 1Q

/, 5qopo / / 1,9 z Le, 4.6 /9 6 .4 "e.&.6 10 o S3 I ;z

AI go 12 AA 4?61, 5 '70 ZZI o 3 - 0N 10

I 8A ot-o I 4~6 07 762 /0 26 141 coR3 44 F
-II -7,' .41iI1-8 2 __ (7_ I f:I

La16o 2-3 I C"1~ -3 -- o1 /o47 38F
11A Q(,00. I& It ..7-7 1:56 -1211' 1'o /0 _

j4 4J) .9 -r Iz 00 '2 lo

AA 6 2 JOZ60 ' 67



GROUT I--12-i;our Period

FIRE ,WEATr p S.-T.

F il e L i e T- ; M 
P. SA . C h -

Stel veo S J s ep. t kk I BI Z!, C.IPa

1 _ I '3! 12! 11 ,/00

1. /00 7 __ i5~ /00t~ 0,,0 - 1
_L 16co 12 G ~ 44 -3-7. ~ S 9I-r

__oo .12 15 5 -1 12SI ,6 ---r uln , . ... r_

[ ,! I I A I Iq 17- I z li 7 78 Q -z -  o - 5 i-1

__ o, 1 -,, 3 7q d 7 j,, I.H II o 1- -1 54/3 7Q 6 6 , ! 6 -1Z

- 1 I.LQ )O -2 1 110, 16 141 1L J45 Y

il~ ~ 3 18C 12 - /0 113 9o~i GO __.27_

jI 1 ,/ ,1-7_ o,_o
_2 0,0 _Z_14L R4 _ 6 7104/ 1 __ .14

. I 1 I _ _ I

.3 
_4 _ oo /,. 6 97 1 _1 1  0 7 ,9 - , ' 7

4 o , _ 6 7 1 -3- 1t ,5 q 6 4 1 _ H

27 , 3/ t i 67 19 1e 322 6z 6 17 6 ,111 z, i6-

/5q " 0 1 2 4 68 1/7 __ISI_170 1-

5 1 I R C .'z 4 1I 7 I

24 2 .oI_ .___,L - o'8 I2

SJ /;00 Q- 4 1< / 3

12- /0 7 26 34 , !IV__ 166 1

2127 4 RL 316 1 S2 17' -1 1 q ~ 73 4
-2 c1 3 64 3 0 _, 111 1403 1 1 1 3,RqI

21 IX 1-2 R2~ I- tti_ Q~TT
- i37 7 2 1 r 1/0 01L - r095 -Yg



GROUP :--!2-i Periods

FIRE ly P'PAPHy

vie#__ m lU.t~.~ i W1.111_____
Vol4o .,, J,;, e . V{ sti I Bi FU ,EL [t% . r w i __ _t

28e8( 4 , 1 z 3 _17 6 0/ 1140 1710 1 14

&J~p 10 __0 _ SO4171d
12 64 ,27 .3 ? 1 1/J1 ko 9 .1 4J 1 1

KL-- 62212 L2 I 64 2-7 13n , Z 1 14 Se 1L 2 :5(,67

i' 40 - 51 13o 1/7 32- 11jZ -6o9 4 7/1
-4 14 -) 3' 94 /7i.304/Z &7- 16 10 1 2S 1/0 1(.0 19Z76 : 110

54 0.9o 1.5 9,, 3 0o 7 67 /6 ' 185 0 3 47s /10 1
5A 12-1 /z po 3el4o // 97-Slao IO /I L ,.- - 33 oo l /I 1

, /2 A 3 3 6 1 -6 15 /D 664 .I 70 i-.5, /Roo ,o /? .3 1 .40 a5 t- i 6 v I o o& 140,- 50 1

,/ 2 1 / 1 / , Ae ___ 6663 70 4
9A-.. j 2, 9 4 ! 2 ,5 / 0 1/6 1 11 4 Y

- i~k&~ 4I _ I i

R6 itZZ &.L4 7t-Z- r /- v 4 /o/ I

I I Q tJl . . 1

?13 /90 !1 /-14 (ea -2 -4 33 8-r 02116 3.z pI""':J ' -

1 2i 97_ 11-0 9

.3 0 j2 11 1 7 j (, 1 51/ .f -6 -o o,444 1 17,9 '

10 01 4-192. 32J 4 6 12. 9-r0 241 9 17

69



GROUP !I- 12-Hour Periods

MEI WEMTHER UPSLOnE

NO.~ sart T * HI IStik -'l FU'EL~ CI. j ~ Sk~th at ? t, 0 .

No / 65 /T 1&/,0 I
~- Q13 p-~~ - i 1

Clon 12 - i6 e _q 13 1/ 70 -W . 3 421

4 ~ ~ ~ ~ _ 1; II I 1 6 5 -- 1- 1 '3lzz / 9 1 *1 . J __I 4/ '~~Q 14- 12 2

23 L ~ ~ L ! 1, -1-4941. 6 49-100 7a 1.41161

-3 0*Ji j 7- /0 6'32 ?J 3z /1 za 67 gw

_.g / 80 1
3~ 2-0 /6 4 .

'36 2 670n 17. r Ot 4 3 1

4A07769

d Iz OZ1 2
12 163 11 r. 4 .32 27 , r , .l lc 3 0 1
2- : /63 1/ 4 .466,/0

Wlc-~aIa 3 431 . 4 7-6 IV 7 6 11

_,e /C5 12 _ ._ 1 -7Z 31Z 4 . 16 -72 1/ 1.±5i 5!7.

30 63C 1.1 7 224 A. 9.46 -P S 1 380170



GROUP 11-12-Hour Periods

Q '!OPOGRAHI
FIRE WEATHER SLOPE E'.-

-I t . . -,

IC0 I J- ,__
31 : A n_ 6 5 26 _76 Ij 2 . I71 143f.- o~oa11 - 0 S 26A 1

_ L, 1 s 16 C, 2 35 Z .rj,i
L h g 12. 3 9 2 6 6, 06, / 6z 2-1 . 1.8772 14

?8 /000 2z ,3 27 , 4I6-. 11 3, 9 & 6 6 21 _ .542-z, 06 7 I20 .7~2 1 2-' 61 -2

22 ,.00 /Z-Z_ (o 5s , .6 5 2- 20L 1 /6 aa1¢

'I - I 1 0916 130 10

S" 6 . 41 ---' .,1 I 1

"zLi 3 Ii r l r-.y 1. - 1-,_- 1 lo 16 ,4

q~O oIII2;_ i L ,t Z i7 !# L2.*4(Z7 2..

-. A 2' _ __6- :/ 84. - .5 96 __z 1_ 61

- .4A : j ?_ /oc n l 8; r ~ . KzI/ -o .a!./I 3

I PA .l 12 z 97 16 4 6 & "o - / -0 3

S14-1 17 4611(l 9; 96 -& - 15 L / -

-21 /60 ~2 L2 3 ? 2_ 40& q 1 , II I __- i023  4 4
ZeI1eQ1 - -9 36;06 1 01 o.060/'

!A 1 /24 0 67 62- -7 .'o46 7 N: L / 2.1
4e ~ ~ ~ 8 /Z _'6 (j , , __ *e,400 1Q 7It

4 0/9 1 91.7 ,: s atL L01 411

1-4EI /go 1 167 (.Z 7.6 .5 eFa 314 -51



GOU? i - ... r Pe.ricdz

FI E TP SO 3?,

II

NoiI/ Start .1. 2TM,0 RH i. pa

4e 1 ac /6 4 19 1 .3 1- AS a A0,1 !/o .. -_, 4/7. 13 1

7 ,2 12 6 16, 56o s 1 / 5 7 3Q .Z __ H

16 1 1 .. 2

2900 _z _0 97I' 2_1 4!5 .74 IIw

9 21 R 2 1 3 1 240 .0QOd 9?

- a 4$.ok , 4 ls .,7~ ,, :7- Lo; ,,, ,o43/.

2, 609Q - 1'6-Z- Z 00 {5/9

- ,A Io 4 19 .21 1 1 - 02- L," i.0Q2.

4z6, 1 ., m" o 1 VO 5- /67-! l _ -, . -. ..

.h 2, I z. 6 13 /0 231 [ I. MN9 4

SL 52110" 7 4

- 60 l? 103 9042 21

20 a0Q.LzaL5 / e i 1,5s1/ $-. Ii 9710

5(-~~ ~ ~ 06-- 59 76 166!.O3 o~. 4

Dea, 06M ~Lr7z 1V 1- O 6 5 g14

2- e" 1201& 3 6. f _ 7-r leo ~ ~ ,
Lj21 12 jk 6 64I4 6.!6 __I fll IJ2f



GR~OUP ~- H rPeriods

F IRE WEATHER SLOPE

-12 W 0,S

-OL ja2 -/00 391
-2o lz 70 V -3K 27 46 S L

43;; 12. 96 IQZL1! 40 '8 _-r- V ~ O

-0 /9L 2 2~.~ ~~O~-- 1 7- L
ZO 2 &81US4. 18 66 15

060 /2 $4 .2. -r ~I
13 -0o j -z

I _- - - -- lI8 - 0

4c,. 5P- J j x* 3-7I601 __ 1 jr 0033 3IL .7
-1- 6 13716 7' A ~ Q Ilo -I/- *033 8 H

-J-QQ.?LL -I 3Z-I 3
11. WO79 ___4012 48

O&C 7- 1 /9 -0,3 5 nIH

6 o 1 7(- Z/ 40 23-76,4 6-0 -7-,] 0 6I~114~~24:QeI~ _ __

7_ 23 2- itcL~ ~ l 9 (4

_. 7 /73



GROUT' !I-12-lour ? riods
r - -- OGPAPhYf

FIRE WEATI--R SLOPE

II

File Line T oo r ?' r %3 O. r , 7 ?
No. w ostart [ - = ____ B- %z o__ _ _

636j -- I__C -4-i / -__.
5 tI L _~0r I~'2 #Z ~~ 26~ 12'1S Z. Z _ -. 01 2/1

(1 /11 2 4 4 h 70 20 30 _, /0

J415 i-7 -4 2 1zo x!/100 2Pi L _ _/ _ _1 _ _1_ __04 - Z 0 2 1 0 - 4 -1 2

L 14 14 /Z. z 6, 4517, 4 o,4 047 7,
rF '1 1 2 2 (c- , 46170I14- H II I 0...

27 ___o I /2_ 2.6 55 17 1L /o ( C,< I

OC 12 / Z .0 /2 19 49 /0.3 1137 3 H-.

7C 06o0 j. /Z 1 2r..1j /9~ /f 26I0/~ 69

2_ _ ,0 /,'1[" . I _
;

/Z -0 Z 7 __J1/00,1/Zo o23

9 A g,9 6 1 2 1 2 1-- , o

/goo 12. 2! 61 _ .38 H tVo 1-7 61,0 -

S- 10 s 1/ 2 2. 9 41 6 13,q -314 1.210/6 9r', i6 
'1514 6 1 6

R1 91 Z 5dW11 3 4/,70 /9 472- 12 Q0
- ~ 1,96 / Z~ L 5 ;, 1411( - 2. _5 03:5R14- _

._ 22 __4.. /0 6 1. ...

64 41 O j ) ? 31___ 0 12-11 61 07

.181 0(001 t, 3 9411 4. 0I2] I jIr ]i/0 11 01
4(-Oo £2I / , / -1 C- ;A~~~ a= 11 1101 3bI

qF (o 3 9o 12'!4 0 / Y1 3 6 16 315 22 1-3 0168 LZ0

F. 000& /Z- 91 .0 /2 a 1/I1I 2 .02, J
4& 1 (4015i o 121 -4- 2619

4HOM 1 240 /Z' 26, __;', 9.5_

5A Xe.l 07/-3 4.6 11 .9/M __Oe I0
5 /,90 /2 017/ 1F i s 7  /1 AV - 2 1.01/

- moo 2- 0 '7/ 3q 46 7 I 41_

_______o 
LJ 2 .0 b 1

74



GROU' :2. -'our Periods

i MPCXRPH
FIRE WEATHER SLOPIE

wi! I t k D". 4i]

2A 80 /Zi 3 7-- /0 - .06604 94 0

2,4 /9,01- 2 9~ 13 !!j 5 -7 -7- -0 006 46

I~z /Rc p_ __I,9 S .1 r 1/0

/Z z 6 9 1 3196 2_-r lf /3101 Q 0 4

- 16 114 __3:5_

1 .5c gn -. 2o ( ,SI .25 4 6 53 -r __0 833 1

551 IVO /2 l20 16 6 12- 63f-7.- 1 70 1/43 .04SO 47. 0

/,c,/ 20105 ~4 54 63 1 -r~ _1 70 4~ .,079.3 46.0

57vc /6L0 /2a &i 26 4Ir3'1 .0/893 / 0

68 1 __P -3 L3 Q4i 8 r I 1 /0-

66 01' qf 13 eg 38 -7- 1.6 34 '6 I/ -

6V0001 -1 62- I __ _ __ 16.01 I__ ___ 46_ 0

£12 _0 _7 64 2/ _ _ _ -r /-5 12Z 60 2 2- 063, 29 0

6F 0 , 0 /7 95 2 214 6 13 e 1 7 /3/0 42~ 4
66~~ ~ ~ -:0 f~.. ' ?2i 7- *7,,0.Z 9 0

4N00 / 1.234 A L -rZ 6.~ /0 1. A6 1/7 06.e? .

(0.li0 12,o ~7 9 44 606 -ArIS122 SO 1060 39 -I

4- 4t 1~2 17 -6 :?-4 5139_0_9 9 12B (

6Loo z179 ' -r _300 2,q00

.(-l0,10 L 'aL3 4, 39 - - 10 /71 1- 0260 6'0 1 0

1,90 J Z. 3 6DZ 'S 4 - - - A 1-0__ looo 1!3 0

75



GPOUP - - :r Peri(,dz

FIRE W -T1IER SLO)PE ,P.E

Nc. NO Stat Temp.El Itik B-1 s~~ ;9T 17-- =rSlat!10

:5 l' 6
17 !2- 3 1 42 !0 1 - 12 271ao / 6 0/33 z lr l-AL/gm /2 3 1- o'/' -z So 4- 6i l0 0 36 1o

/2, 6z Z .o5 , , T ,
" .1jgK ~ ~ 0____ I I? ~I 0

____ ; ++ _ ,+- + ,: - . ._ .+ +. ___-.I

70 ,';Oo /2. -,- &---d z So..!5_6-T---11o
_.j , I/ M: 12 3 6,2 Sp ; L -r- 1142 '

2 10 / 2 1- I 97

-,- _ __-- _ _ !3i 1o

(, __ 1 1 /Z M 4 ,-_ I " I , /P 641

/- -4. -r 1 361/ - 1/ 0 / 1 -4 1.66 4 3916A ~L 
-" -- -.. -55 J L68 SM 2- 5 3 :5.4 2Aj 11- 15 25-15ls 01 m

15 O I~4 ;' 3 6z .5.5 I / E _ _ --/9 " 1 3. -s' z4 -r 13 "1 3 !, i. -..11 ,, 1 , 14 Id

6F /Roo 2 1/6 9 1.33 6 2 4-11 - 76 1Op F~ goo -7- 161 9259 j

60 dOrO ,/.,Z "76 1 .5 331 5141 .- = 1 2 /7 6 19/1 -1 ...5 o8+ 0 1 w
&.L' / ,I 1 1 f 6 2411 7- 1 2' 2/j, . I . .-.---. 0+,; 

1  
3 41

W - ! - 59' 3-1 1.I .241 7- 1o . )+ . ,6 - o- -, + 1,i . -.+ + J, - +  f o ! , k .-. i + !-o - 5 166 3j21 24 iS- 2 / - /91 1 . 3 H

S Z -77 13Z I -LT 26 123 1 75/1 t--- 1 10 ti.(- 2 77-~ 321 f? 7 7 1 1 30 1 06 32 /8

-10 j Re, 301J , I - -36j 1/7 1 26 5 F1 6 271

-IF p k 2 1,1 1 :,1 1 l r / IR I o& 2 2 -(0 o.0 2 .5  75 H

1&A!c;iK 1.I j~j~~~ 0 1 421 5AP1- C-107o73iL

18AI 1.1 .316: J 14-1 -r144 .50 16



GPCU; -±-ou r d

-- - _______- ___GR___Y ______

FIRE FTP .

' ~ I . ... . i_, _ _
teoel lCoo 1~AG 1__.__6__4/00____7e

I 6?- 11,9,-, 1 3 56 62 7_ .7I0 1 2 1 3 i 5.5 &Z I. 7/_:j I 7-- J

'p--: 77 1 jJ00090/0 791
'~ 4  -7 Ar j AQ

I- -- ,- I: - , - ,- .0- 4z
- -' - ". -

2 IY_9o "___ 1"
,0 1o2 I 3 S,9 S ?! 4 I / ,, 3 H2i5~~ 14 1 / L___

2 ,C /o .,r /2 3-6 1 S?1 9 6 ,14 -,-Ir,1 . .. oo2i /Pr z . 9 'S 1 4 z

{2& li60 /2 3 6 9, 95 4 L -7- 4 lo 14-7/0

!A_.,Z, 8'2"I7 7 /0,,. -7- I!, , 1 _, 3, 9,

__ __I I _ i _'_

07F0 247 AO M 1 11 3 1

__ I _ I/c

*e e:7o -1 12 -7 /0 121 .021 1__

326 75o , 15o 9- o14.2- 71/& . H,
IF , t ,3 /0, -,T- 4. , 1-, -si

-74 1 H
4,9 1 it / - r5 1 T 1 . .. I

4 _61 447 /0 H

4F £2oQ 12 £ 2 14 2/b00 / 0 '-

/r.'7012- 112 95121 rlo /7V 1 ~ 1-i
6C Q7o 1iz2 1942. J - ;1,01/

/20 O , '2 _ 41 L.0- I'36 170 7
1601070, f 4643014L

2 dI 19 o , I 2 3 1 94 64 6 o 4 8 7 1 0 AI7 .

2-j Igo 2 ,- 54.o 0 4 R- /10leK3

:zo 900 21 IS4 6.4 Sp 4 e 1/'01 6,50 15



GRO0I^ '- 1 ur ?ericds

FIRE 'WEATH-R SLOPEPE.-
~,a Tr~O ~ hin~~iih~ fU? ______ 7 j

N. Sart e. 00R B . .% 2SkQtk Z

4 Moo 12. /0 & 3 45 /9 -r( 1 5o .,o 2. T
K 2/4 '5'I~5 11441 46lo- I o I I I

I :- - 9 1 1_ All . 1

7L '6 0 0  1/2 - 4 1 5i 41 146i'- /6_

4I 0 3c 12 - 14 I gd / 1 -2 " - .I /0_ 1. 076 RA_ 1600 __

4 _/ S &67 R vi

,4 61 / - 02 1 0 1 1 / / , a Z-o .1371o 0 1_
4 -o 12 10 6Itli

z .. 1 ,q 90o 12- 14 (-,8 /0 1 Lo -7,- 6.< ! - .o ,19 3 2R

_, .. _ _ __ 74 ./ 21 -r 0 4 __3 .04,.?7 24 v

o~~~co_ 1 12 / (F4 I1Z 121-, 6 6,50.0260 1-6 11

10 oSoc /d. 14 70 4, / Is- rz -T- 1t - , ~ 3  4o
-F eo 14 7- /o 112 0 3 ' r

-- 080 214 7z ,9/ ,/ - /,z 6w 1~.Z I0 4 42.g 14P

_L 1Z[4 7 149 A,~ /1 -71- l~na; !V 3 3 H

Jl_ ~w 2- 4 1c, C / 7- Ao 17 1 4 - - 11.04r 42- 1

ILZA_ ,0 1- 7 13 r ,I R/2 tarla> [1 .434 t, _/



____________ GROUP .2W:?roz-__

/3', L4m' Tt"G; I? Mod __e I4~ 7

.A & /: I, _c 1& :

ZS::. _____ J2-4 / 1 0 - - 2.1 2 5 -

/90 ale 4o IFC

2F I2 o(. oo t__ M_3/3_4_ 41 0 101,7 8 I

2c __CO 1 _1 6_3 10.0- /I



GPO
,  T ' 12-Ncur Periods

FIRE 'YTFATHE'tR SLOPE H 'U? I
----. NO H t i ck I "'

1?<. 0 1o 12- 3 49 1401i8 '& /0 32- H--- . ..
S *% I 9 0 , 2 3 1 4 9 4 0 ' 1 - I ,o n _ _ _1 7 7 H

_ _ .( 9 /o. -._ __ _49 14_ /"to _ _ 4

6 ,9J ofoo /Z 5"4 49 0 le - - 1 1/j

<, 19 oo lz 3 9lol. 9z -r . & en 7

. 4o 8 _ 7& 1 Ion - O _

_ _ < I Z C t JI
7 0 / 2 Q1 5 42.2- 8 1 & /o e07 0 , 6 6 0 / --

( ,01 o7,510 2 2 S ', o/ &a o f,2 I

6r00 2 12 64 .4z 6 zQL . 2

k(, Q L j2 0 _2 12 S±-a 2 -7-Lt q 2 -'~- L- 03874 ge

& Z 1 0 0 Z I - 1? 4 . 16 2 -1 -r & 0 2 C_6 0 H

j2 _ a_ 17I- 12- -12 A Z - ( 0/7 jQ 1

_ _a _J7 J2.. 4,i i l r, O 1o,9 71F
69 07 0SH2 2

I R_

21i ,z ILI -I9

60 07f~c Z . 7 - -&

7A~ 17c 1- 11 R 5 - 4 1 9 111 ,..Q 6,, JQ . I W

7c 9 z. .-- 1 ~ -.~id 9 ' -7_ &6 -- 4 o26o -wI~C .~

'7e -, I 9r .1 8S z 4 LLZ 7 - __ ._ _ I3' _

7,q /foe 1 6 s ~ ?- 4_ I _966 3

-7r 4I3 _ _ 7 7 - - - :) I _ 014 1 ,

-7 ft! , 1 6 2~ 3V 7 7& __e _ R4 4

80



SG!7CU 7 7-- 12-H-uir Pe:!cds

''IE I SLOEPE "
~I 4,,P Dgol 1 --- , ~o

IF~~

File L ,moeI T?,M I '3 R i IT ' St-ik BI d A -

I'm No Start i emi pu i o.. 1 -etch R t, :c ~o ~ e

-761 /?1 .62- -7 H
7 /o /2 8 1 Z 43 7 7 7-& I /o1 37 $14o 6

-76 1 906 1 P ' 3f 9 7 __ 2___
7P i9£ t t7i f ~ 2- - -61 241_?

- - F . 37 7 13 11 --8 '1-- 26 $7

2L / ,_" ,37 7 3 - ./ 233a So 'A

10 1900 D 19 69 37 7 39 -rd / -0  4 / 0/ 73. H

!) /eo 12. 19. 1 ,7 7 139 _ _ 9260 4 .

II

IV 190 /"Z. 1 /f5 37 -7 13 7-A /Co L --1 I26 5 ' q

,r 9 0 1- 1 S 3771 3.9 -m /4- 9256 571HP 0 _ ! i fO 12 1 /9 Y 37 . -- _- 9-33 56 -_ H

IJI O/ Z L/_9 2 7 7 3l 79 _.I _o_ 72 6<0 -
IL 119o /z215 5?~ .3-7 -R _ _/60 -7? S3J HI

M ___ 400 /0 12/ 7 ~
~1.900 2- 9 69 L7 39 z-7_ _

IP~L~ 1 2o £1 z '5 '39 7-e -,4 -. 46.9

10~ 1 1900 Il l : -_ 13? a ,o I

L _ ,, 110 ,,,11 '9.27 , 39 6 /C , !.-, . o , '" , & 1 - 34 N, I
[ I. -

q e? 1,7 7 19.C 0 ? 2

L .k I -op ItU I L~ 2 I 2 -As 4 -126 41

j 2(o, i ti __qz.1 1 61 1t 7 .1
P Z_ I A 14526 [+/Cicr

129 11414 25 2- - /7'~~ 70l ~ __



GRO -- " - ' ur PeriodsI -- 'POGR-PHY
FIE U EAT!T.R 1 SLOPE ( SP;EhD

FifG ~ emn Rif Stick BIU L KV 1 lpetSkth P~t
No.. -- - - - - _

3 E I 4i _0C?/9 012F 1 Mw _ 11 98 114 45 _-5 1. 6 -L .0371 0

__ l_ 6 Po o , 1 1 1 . 6 4 3 R 1 . 5 7 8 -46 /_ r,6 g o F " I _ _?. , : L

I _ 2 L1
: o

"
2

-  
.5 6 8 7 I 26 1.46 1 36 4

4 coc e:r 1 !,5 7.4 1. z5 /2o 467 F-

- ,C /71. .05G, a4.c~ F~ _ _

AD i I 1 ?4) /7 _5 6 4 i I22- F 2

4E- Mc , . i g 12.5 ./2- 1Z0

- 12A I 12M I2/l .0 1/ 3 5 [L __ 1-03300

.;2 _o 12 , 2 I 3 5 ---6 .0433 _.i. H I

2_ LZ 7 1o / 46 - ig ao /I ~ /.---I~q l F

2 Yo !,? c o I z7 4! 5 r 2 4 4 / / 5 7 (0 0 1 l aq
.2 9011 2. 7717 .5& 12 a 25 6 Al -76 i5 d /06  h'

2F " z 4 25 A -7 1 6 _ - 6 t

12 1/8. Z1 7 _51 & 4.6 -52' ___ 55 1 1 6 ? 1

12-T ? '7 I i I , Z. -7 l-. 4 1o1, 0 Iq- i_ F

-am80 , ? 9 4-3-941 r

We1C /J~L 717 - /5 2-___Q- C/7M

eS0Q. J2 en.. /ld 4.5* 25 6 _ /00 .13oZ4W 6 r I

-2 SC IJ,./jZ 121 Q /6 46 56 6 1 Io I_ .as 3o

1211/9,11 12. -7 1, zs Is -1 1 - V 71 .07 .1 :3 ? I

p O j 2 1 _ j J Q_ j 3 f (_ _I / 3

_2/&_ 1-_ 2 4..5.1! 1 '612 Y

-7 . 126 9 1266 ..82



GROUP .-. u Periods
I :OPOGFAl.,Y -

FIRE j WEATHER IuSLOPE SP EnD I

Fire Line T'mof MW"d h -m IRH I~~ I B! , I % r,: 4-r 3tbRtNo.j o Start =1._ 1tC oSvSIPat

toe / 1396 / -4-e) 6 IZ 2o /q2 - o _-- z4ga 1 4
I- /3 q P - 1) 271 3 /5- /0 l / -5ff 2720 13

;-443LDuI~ 1 5 ±7 0o2 -:! 13 .:5ro 7o-3-- 1 o_

9-tt 0 12 /N 97 15 40 27 6 I/ 0 / 3 7o 7----. P; /4;F//

3 0 1/o , 2. / 9 16 4.1o 27 /3 2 0 /0 _ .9-4 i I A.'7
-b ~ L 1I601/ z /31 9 ~ t5 l./ 1- 77 l l/ 0 Q90 ln4 H

3p 06o /2l /3 4o 27 _ / hl _ 0 . 4

.30Oroo / /. P6 1: 4 0 ;177 112-0 io lo P 70 6 ?-

- 060 /31 ff /f -00 27 1 0 /0 FO 7 . 40go" '

3U. ~o~o I/z 139 1/-5 -or. 11d /0 -- ---- ?Io ,79 q

; y oag.Q 12~ l /- Iqq A 4 01711 1- 1 /o-1 1 ./o 361.5 lee
., 1 13 10o 1. J 1 r

,? (0 3/o 34 1o4.3 f_ S16 .3Se /7!1
- 7 0&0 /Z~ /S /a/ 1 4027 9 /z 141 -6 1/3geo '7,. p.

3A9 600 /2 13 /00- 1 5 20o /02go 17q _ _

12 _ 1_ 11 Z 14 Z00 _ L /0,90 /7/' 1

83



GROUP i±i-13]--Hour Periods

1V '1CPOGRAP'HY
FIRE TEATIER %Q6L PLOP _1 1 __

/A 1&3o /' - a9 _ &Jo (-6 .& 2. 35 .0-13.12 1179 --

I& 16.3o IA '-3 C f 33 60o 9 &_. II S6 /1.i 46 1 / P.",' ao -ILI

5P.- ,oo 5 1-7,9 1711'4 1 ,26 1 6 .,

1' 70f0- !/ 5 7(,z // 4 9 a SS L---24 I3o) . Q.

7 / 3 _ 5 (735 1 /7 /4 /1 9 43 (00 1 7 o1' 00. 7 G4

7- 17a0 15 2 1143 1 J9 1 1- OZ-/ 7 10

'5F I/7m 13 _5 66 R 1i I /f 1I/0 "78 -6J 007 //& 0IZ1 _

"7 F 499 1o,.1 4 19 .I 6 " 3 29 7 3 3  o__ /4_ __

(,A I n(oo I 1 6 634 ; J63 / 19 ,8 I / r, 27 5<- 0I 1 37 o

1 ('0 oQ . 3 6 /6- /5z. Q 1,.6 2.4 .7._ 6 _ 47 &Q-
O1 o / 5 7j /l 2 - IO - /00 1 _-. .oz/S 'e

11

23 6(,- 73 91 / 2-_- I, A 0/

-7 1 1/ 1 
67 99 1 /3 1 a 90 -- 1 20 31 02- 07 6 -2

0 II 3 9 1 I0 i 1 , 1l

'7F'.2 IO 691 194 L3 _-r. /_ 1_1
~ 1 L~ . L2.'i~' 3 8 ~ .3 _ 1 __0 /z~.L 2

-7&1 /?0 2i 723! X11 /3 -rj 2S ( ' _ 23I Q
-7, ADO /Z 1 !61 1 Y 1 3 AL --- /0 0~ 3 271. '1. a"0o

I 1'q L6 .14 ). 7,1 1 6r5 /oi d 100 '0.3 791R

46 1Ao /.Q 
2 

q Z? 9,9.1 6 II g -r lee ?= d[ 0(

A 134 1KI s1 /'noj A g_ .2 10

1L 346 '/ / IL 46 R 11 9 46ff 4.6 /0Q __ 12961 2ra H

4 1A 346 /(d,1 l1,0o 46 1- -29122 _5 olo 9..(
) 6 '_/S i~ 4.6 114 0*2i- '7 1 0

84



GROUP IUI-13-23-Hour Periods
CCPOWRA}HY

FIRE WEATHER SLOPE P F,

Na I o Sta.1 eml RH BI rVEL % aN start T, . . ,t,
1 DI 1 45 ,(04 6 95? 7 14 -- -Y 5 P '/ O £ 7 1

i 4 / 8 9I4q 17 45 1, 9 .33 Z " 2/ Ifz IQ

4?3AI 1,90p _4 4 /,Z 17l 6.6 7 f3 60114 60 .-- 'I.03 , Z

nE3r 4A "3 1 _ 1_0

-- I9 1 -r - 7

,9 mJ _  Io 7 .5 I 40 I / /o

0 46j~ SC 1.20 2 o __

56 02 oo N& ; 69 43 60 AZ ; 7 /W 120 P-- 0 I

-t 5': 6 7 ' 6 , z 6 -r 70 271 T0 .,04o6 -7/ Q

15-'i/900 14 S S9 3 5 o / 7_ 6 0 12-61 40 p o2 4 ¢

- & 1,C I4 5 69 4 E.67 /00&~ QI

1A 40o 14 _4 1 4 - 1 -d S 5 1.a!5 0 , H

2 14 2o , d7 . 6 4 1 87 4o' 14 1.o '--" 4i . ! S01 -1

S/ 1 ! I oo I (, . 1 - - 1H

_L4 (, o /O 9 o 1 2 9 1T ,o --4 4oo ?'

1( @2 . .3 03S0 1 H

'52 IR S 02C 16 7 R3 16 6.0 5- 8 7 23 2 2 o S---- -i

r 6 o 6 93 1 1 L5 , - 4 r .3: 5 _l1._I -?/

I t- IR, 16 / 8 1 !_I --3 .624 L I£

. 20t 1. 2 , 6 0 56 .0iiZ (0 " F ;

IE 02o - 95 14'o 1 3 40 -: 0 0 41P

67 2, MooI 2o> 4 7. 3. C, 9 1 -1 , I

t5 - ---" L / in
- .26 140 201 Z 32 . 15 14 sot .003 a0

1,0 1114;0 16 1_ /-- g 046 19ooVL--.4.. 52 1

IE 1 /00 1.5 ill 6 4,1 .5 9r 1! _ 1 m 3- 3736 H

-: 2&2 13 71 82 A-[- -501 0 H]

2 00 Q E IL .Z La q I /Z__.4

1w 000 L.qL6-r./00 to407
4681



GROUP IfTE-13-23-1four Periods

"OPOGRAPHY
FITT WEATHER SLOPE SP Eh,,

wvLne f~ ~ -~t a Nin 
Avrr,~tera

",I-"=" 
I=1 _ __ _ __?o o

_ 
.RH loo-k - r zt Oa n

3 600Z3 - 76 e) /Z I-r 1-1 14 S6 9010

2 A O0 6 0 V 1 3 Z2 G 4 f - 1  
/ o 0 -0 3 2 - 3 9 F

, o /a F o&2 /0 l 9C.e,

,_ _ 
° --- .,47 '. & >129- 0000 11 

- -
il P!99 32 41 B.63 0 '3z F ,

1 0 0" i3. // R 32 14 67- 4 o 1.03 4 319 F
-- 24 IY 1 I~ J/ 109.32 3 . 14 a- I I Ino .1162 . z~ p

-:9 0&00 1.// 6 3Z 1S 4 1~ 97 1_ 1/2 0 7 _ __ .6147 9

2P 1 3 // SL 32- /4 41.97 /00 032 90 1F:

2 '0~.L l '!) 3z 4 6 .14 11-03-4 -7 :5 ic' f

_ _ t II I0(/a /1 8 9 .32-1 C 4 2 1 8-0 r ~
R3 Z / -&a ' 2 -!, /6 3126 12 4 ._ c, -7 r.

1291210o 19 8 6412 14 4-i .23 R 
F0 1 -6.0

2r.jZA0 8 &Z1 6 4 1 6 1 A561 /Zn l 116 1-- 0,19 2ZI r I

2F- 2/00 92-&L16 4 23 9 2/0 10 10 70 107S 1 30 F

.. 9 8 42 4 Z 6I /0 /0 g - ./,07-5 27

/(00 4 5 1 ?- -917- 117~ _ .047 2R 16 _

14- (oriU I 1 3 Z 6 0.r6 79 11 __1 /00 __ 0228 T4J/I

4 /o 1. S 62 i - - loo 14 0/6, 33 /

416oi 1 9 5--9 1I2043 9 1
I I(

+ /' - - /D /2. - 02?

0(t 6 1 ., 6 9 S6 2/4 1rn 0___ __

6Eo o I5 /9 (9 .- 6-- /0/2 '6 H

2/ - 4.[ 74 51 - "!- I2-- .0247 /0/ P
y~ 74 L1 _Z2 

.]

2c- p1co. /7Z 6. 2 .~5 -. 6 /00 -7223I/4

_1i~.4 gL665/68) o 2r 0zz26/& 1F
2 -74 6/ 5 :.... 6 70 v2 7-4 120

:2& 1608 /-7 '74 658l ,5 /3J 7 -4 423j0 /

2H, -C24 401,- ,.036
3

86



GROUP 11' -"4 23-'our Periods

.OPOGRAP Y
FIRE WEATHER SLOPEI SPPE&D

U?_ OiH

-tr FLRH .Tt~d M ~ % IAftla Stc 14-,
No. N o. S , r., T-j RH I-6kk I __ For - 111,i til Rt

8 L 23'c -a -I 7 1 6- s 4Ija I/a ._ 4 a,27 "Son 1-7 4174 5116-51 5 1 13 66 1 ./2 ,--' o4.58 1 14
__?__ 6o _7 4 "?'74 511. & 1 -5 &Coo Z? 4o .04o 9 H

12Li 6co 1- i4-7 5/ 1 -, 1 -5 g Hlo

.0 Q 4--74 s/ ( I 4 ~-a2 ~IH
t L)3o) 21 2 /-) 4.12k~J~L. Q i..- L6 l I-3o 14.5 28 78 7 &S .5 g 1 d 9 Sf> I-7 k / . 46 4 1

I I(. 73o 14.5 28 1 7 3.S- e4 _ .o /7 &0 /& o9,/0 581
2.o1730 14.5 2 17 3.5 194 -0 20 i/7 In0 Z OT -

IF 17_ o 14. 7 ?.I 64 6 . / ,g h d .o246 /6

IF I1_o 114.6 M. R 6135 94 9 / /9 /6 .146 __

q4 1A Io 119 3 FL 2 1 4 is!/_ 7- 1 5 0 /21J 14 36 _ . .3,5 3 _

q /II /Oo1, 3 95 / ,5 /, r ("/L /40 ____

1k I /100 3 9 I 2. 5 Z L2 " L/ 1 .-- /1

-7_ . ",o : 23 _L 4 &...2. --

IH 123o 19 96a 23 o 4 .e. -/?0 .X0 /3 7_ Is 953 Z/ -46 12- 05~ H~-- - _

__ IF 2 21_ _ 6 a -7- -2/ -5s97 5 _LL, o x ,& 69 -qz, 8 39 -. /o /00 - 2-29

T", II

I 123o a0 23 9f 2,31 39 -7n I : - .,

2  - -l - - I . -c- ,

ISI#2o 1041 92 ? R 39 1 I

IL 12 dLj;, 6 2 3t S~4 8 9 -M I 3,2. -Zee-LKI .LL1 _f IjL .. -'

LLPJ_ ~ LL /1L. 7A 23t~-i C? 9 uS 1 6/1

ia_ j[Z387



GROUPi 111-13-23-Hour Periods

V TOPOGRAPHY
FiKE WEATHER SLOPE ,

-? I -w UP X.il

-- R0- --t- -fa 0 12 .E

/02 / 1300 / 12 75 6/O/ . 1 -3 - -- A 5. -L]

1 : /9oo 2/ iz 75 65o- S B I&,o 3__ .o/ z6, F

L 130o / /1 7:5 ;t5 14a-15, . /-^0 .o476 /441 _

H_ /300 -2/ /2- 75 66 AP -5. .- 6 'gr- . d$ F
/Z /3o 2/ /z 76 jk5 6 6 1 /9 0 .0476 1.06 r1,5 1 3 o / i /2 7 5 6 1= A 6 oo -- o7 1 - -//4 i,:
li 130 21/Z -7 5 io.- £ - /0 . 761 /Z. 3-F

IL 1300 2 - 175 1 L ! Il.5 s g 1,0 p66 121;O /3' I
I.L 1300 21 1 -75 6 /o. 6 / _0- .064 MI F

ItJ -135o Z/ 12 1Z 46 1 /0.- r, If /,0 1 .o5zs 13 /1gL /3oo >. Z 6 !1 £ __ ,0. ___ .a& ll60 ,,-

/0 11300 12/ 12 7b 6, -5 ., /c 6 11 & 1150 - i /72-5,,3

/P 1.300o Iz Lz 7s 66 io5 a leo I -- .o ,7 /21,--F

2p- 1300172/ 12 75 L510 22 5 d,1/00 0 o.361f/~ /4Z

11o'5_L /t/6 ,/. 7 6 l.5 4, 6 /100 -. =,- L.' o 17, "-

S- 1300 Z/.Q /21 7& 1~.65 6 C6 q100 12_ _

Tc 3oI 2/ Z 7 125 6 .- - 9

7 ivo4? 2  i /2/

1/7.c3 .2- 97 .25 _1I16 1

I43 174 Z19 6 1431 49 351 51 c p

If 1&3o I/6 /2 97 R I Z43 _ 1140 5 2- -' L /6096 9~.1 6~1. 11S 16 3_ o22 6 iZ/: -

IL
I F 97 2

3P?1 - 5 . 14 715- 2 c?5 I S&! p I



GROUP TV-24-Hour Periods

WETTMH SLOPE PE.
FIRE I % _ _r__DOW

No. o. Sak E \. [?ARHd. dca C." Isketc Ratr tow ipe

3,C ico 344 8 1 /o / 0I , .0907 4"I
ooo _24 13 e- o 44 6 £5 /2 4! S o271 67 F

04e> 4 7 Z8 f F7 21 C /D0 26 e--00 1/0 - -- Z

0400 2,1 7 9a 3( 40 /0 5 30 _2 as /4 4 65 .,146 1(.- _
C2 21,. 0&" :24 // -7/ 4& 6 1/2 13 / 14 4 1 ,46 . 05R3109 H

1't 0(000 24 _L0 1" -7:a2 1001/47 10o&75

4_2 i6 ~41- -- o,,z7 !52
1413 Qo 24 /1 93 7-( 4.'ka 21, IQ 6 74

124 /900 24 9 7& 6 & I 6 /7 _2 0/&7 IZ4 A

53 3.q /oo ! A- 7 1 Z9 .. 61/6 // 135 121 (06. 395 ,, 0
313 I8oo 24 8 29 5.5116 H &,9 361/01 0 / .o6 /7 4

-r /6oo 418 2 . /00 2M8 1IZ27 490

55 2; 10o 24 8L 8 3 0 5 ,3 20 /7 .30 .Z/09 0 H

28 A00 2419 8a2 3,o11 9 1 10 /0 2. /a 40 - /9, 7 H

2C 1~ 00,9 24 /v' r 5 /0 1,T 063.6 56
3A _ 141 g4 1-. 40 8 IP /Z go 9a __.2146 1-6

2A O1 4 74 3 4 -z4 -r z6 o !5 /0 6o 0_g6 6o1H I
I 2e8 Q :U 1 14 74.'3, 45 7 24 o2 2 2-s -041 z 4
2( 090e124 114 73 3n1 46Z.4 -r 50 I2 1-/0 3 . .0767 142.

2 01900!24 14 72 l 2., 16 I -r C6 /3 /0 12 2'< - 07Z_
, 2E 8 z4 1 -7 3 -0! 4A!1 Z4 -1 -r 1- ., I o 11.oS33 3o j

_____Z o 2,4 /4 74 30 4.6 241 -7 4 25 /0 3o 1-f.041( 331 I

26 0,90o 2412474 440 1/0. 6 .02-9 4- H

I 12-r 08QQ ZA 14 73 30 d,5 24 17 -r -- .~o ',--
0TI 0 2"'.4 73 3o 46 24, -r 40 AS 60 I 013"S 69 14

273T 2oo 24 Z_ 75 3Z 1 6 r'1170 // 14 /4/ " 4 u /R
ZA04W aa:! V4-16" 6 4 511 T m. --- 10026 Z3 H
:26 2-4C 124 .5 68 43 18,-5 6 " ..1 - i.029 I -.H

, .2_4. 4 -S--(,7 4.3 1 "7"o -f------o a

l- - 441,. _ /0 14, ,02. 1 /63 Q

89



GROWn' - r-.)_--our Periods

FOPOGRAPY
FIRE SLOPE ] H, &IDIi? DOWN _ ____

FireLine IT)"frl~3N~ . rd L1 le~7~Y 
7 ~ ~ Ag~

2 -. ,-.1- -r 6 667 j L..9. .K- /00 __ 2 11- P,4?2&!2400 24 -5 f. i<141 q.l 5 -r 4I0 .<0zf2 /W

ai f .OZ4- o/0 7 13-I. S ! 1.3 / /001 /0 _i

L 04 C 1 2 /0 76 _3 1 - -, f, 11,0 1i-. 24:2 / -0 .74 .3 31 -6 -~ 8 1: .1o, Z1 t*
hf 240024 6 77 12 5 315

48 2oo 24 9 7612'115's /3 -r /n /0 I 71 11
d( 4-- 74 12,9, 74 2/ ens /13 -r i M i -7 m!Of *l

204- zp10-7.3 22 66 13 -r 20 /Zt 1A )90e &
4r J40 a -. -<!S _ 1/ ,

4 &, 24 oo z_4 9, 7o 2 -3 6.. 6 3 8 o o / 0 .a a & 7 9
-. 5A 2,40 2.4 7 7.3.12/1 46 u -rI so 1 9 70 .0160 /7 14

66 2 6 24 Z 72 .Z 4. " f 4!5 - Q117 23 W

16C1240 24 _ 6 2z 4.6 '.I /0 c07,- 4

50 2,400 24 79 z2. d5 I . 161

E0 2 .4 --1 ( a f 2.- 4.6 11 " I00 I 1 e9. 3 ,3 1 14

5F 24oo24 7 (aFg 2Z!46 -7 -L. /oo 16'1 12 14-
2-1- jF c 0 - 17 q5 3671,9 /Z 1 qr Iz HIB 2 1 ~

2&. o&co 4-1 /7 a,3 67 1 ,q 2- gr-- ./470 S4 i

12 ff C o 9.4 17 67 1 2- 6-r11u /no./)o I2 4 .

12TI &WI-4 7 6 ,67 ,9 6T11 140

Se,10 &wo 1 Z4 l 9/ .6 4 1 -9 6 u / 0 .o o

4P~ 0~ 2.4- 159. 7,5 7i 2 ?. - m&7 14,

77 4A ze 124.4/g5 , 1, 1" /.16 /m a-66
4c- ---..- Z .-&L 1 /I .3/ 1 .

41~ 1-!000 124 11596/7/7/33 L9
TJL 2 000,1241_,L9 3 8~; S 013_

90



GROUP JV-21-fo ir Periods

TOPOGRAHY
FIRE WEATHER SLOPE SPFEAI

LQi U? I DW I

A L 4 2 00o o ?4 _16 fS !17 ,5 3 1 9 -_ I go / 0 2 0 - 0. 3 4t /o / r

4L . 12Ab 24 L6 60 6 -3 Ro 9i, 1 F .

4M 20M 24 /S 9& L , z.o i 4o I .0/3 4

44fo S1 3/ B& 1/0 /! . .O26 267 9

,j44 1 2'-4 ;o193 I7 M 653/ a - -O 2t /6 25 __, t -"g ILd

1 ., z2, . /6 I i3 .5 a/ 8* , 2Q 6 z/ 2 4 o ./50 .

2-- .oo .24 6-L z /#3 1 5 , Z( dc- o 166 7 .04oG S

IA ,1co 2,?41 /S Io0 _a 5 ,yl A/ -, /0/ ,O 8 0 .041 .f i8 r-1

4A 0 --4 /6 M6 /3 S -n 6 &Q 13 .d5_ .17/8 4 IF I

54 200 4 24 16 4 3 3 & I 'To 10 '0 200724

4-r -- o124! /6 9p7 I it, 6 / 466, 6 .4 I o ,---. 013A S.o o _L

50 2o~o=4 Z /o If C,, t'. 2 0 /oBISo 1-" , .Q... _

A_ zIo2nQ 1-4 A5o 9N16 6 31 __ _ / 316 ___ .18/ :

AV 2 o1 Q. 129. /6. 2 {S /71 -31/1 If 21 r

1,1 I0 Q 167 19 !3/ 6& A00 94o 1

4y 124)0o12.4 15/7/9Lc 6.loI ~/k47

4i .i,.oo Z4,,5.le 3 1 31!,, i f-- 3& l 16 35 / !5 - /7/9--
i4 lzoo I4 Ll / 11 - 1 .1

0A 241
6 1

114 S & -r -1

48 200 24 16 10 114 j - C- /0 - /f 076 1206

5A 24no 2- :'M 1 & 11 /0 1010//7 26K

W6W s4c 241 /6S2071NW_1&_ 0 21

11c 6(, 200 24 ~ il /0 1 & /- 40 /1&1(6 2 1 W~± _I



GROUP iV-24-Eour Periods

FIRE ~.POGRAPHY

__ e L 3 W. e Stkk BI FUEL , .. % rt S tc Rato AIg

_._ _ 2+_ 5? 1/ 41 S 1,( 66 . 3 2o . -0- o. 60l v14
]:30 /goo -4 9 /031/6 S 14, 66 4-o i - a -

S-oo 
-- 

5 1 *7 1 6 -70 12, 1 , 0 Z / 4=/ '..'. I e 3 1 415 /Z 1 21Q IfJ021

_ 1380 1241 9 Ion 2- 5' 14 &6 40 /1 7, ,o 77 IN

Z , 3 3 3 /90o 1I 46 z6 ",

_ ( j6 24 !o e 9 "7 . 33 8 2o* # 3 o /7 .8o - 115 G 1

I Ll 6 133 &6 1o L5 // 20 Z6 76,

r 3:a,7 /60, .4| . , _ 1 36 /5 _o lp 1J -, /Sq4. to 14

Z22 -=._ _Lo / [ 16 10 6 14 4 49 2 zz 21 /6 6., - .1 97,, 60 H

,4 3 lI 1&o 24 13 a 1,0 7/0 0 14

3Q I/on 24 /0 -7/ 2 I A A 0 2 2,9 " 17 4 1r6 1 5

1A r) k 24 . 14 &q 1 3 3 16 4,o /4.o 4 7

_13 Ao0 2- 73 4 - -'1o z 14 v d _ 46 /0 g

4L 16,6 . 2 1 7 a 4 .1 B 2 1 ,s /.?0o .063 / I -

____ _/,Y _dIhD6 3 6 11 a 30 /So 46 i6~ .6-- 0 r91/
-4.A A ,oo.,4 "217n S 3 /4 1 A 4 I b .3 111o 15 35" Hq o 1, 0 m#

4116e)6 124 P,- 611 3 14 2 S' 1714o4 /2 20 , . ,,, <, 2/ j
~~-7 Is. aQ'2~ H/L. ~I,,,0 , zd - 70 1,- a .,4 9 soo1 1 , , .20 _-. t,,S l 64 k

A iP Z4 2 I'd I a S. a " 16 0.3 & 1b,_z!9

16,1)1 2- 7- a 16 4 ,, 1,, 3 t -- i 0 14 V1I2



GROUP IV-2-Hour Peicds

_____ - TOPOGRPHY

FIBE WEATHER S I I

t4. str \10) R l1 RHlIslkk BI luy CL. o"Ir. - Sletch Rat-~ nl

83 1401 /90 4 22 70 L 7 14 9 6 2C.. -75 16

14. Itoo 24. 2.1 6 __ 14 ,9 16 12 3Sj IS I ¢3? 26 91

84V "/&oo 24/ /, _ ,3 6 10 /, 20 11 7/I,71 i1

3L. Io z1 °" 13,o I & 3 ai _ 1a! I _37 W H

0/ 24 3 3/o1 ,& e 3 13 19 i 1B 11 1 0237 /c4 14

/600 24 /0 C .3e 1 A !7 J7 20 _ 2/3 /70 H .

3 /600 _ & f -7 3 3 & 10-

310 /100 a.4 "( -.k 7 3 1 0 7 / 6 1 z_ oz3 11 ..

-(2 I I -4 L6 (17 e 3 3 3 2 /0 /0 3 / ./ 6 0 77 H
349 I(oo 1 24 : _, 7 2 /4- Z2 7:5 ..2Z15 // 170

II

K s / 0024 1 7 (9 -7 3 /4 /00 1 1 .o/14. I,z Y

= /0 241 D 2 3 3 8 70 1/ le, /o - 02o& I162If

_ 4- I b00 Z4J -:- - -7 _, 14 ! :?. Zo / 2 . ,t 073 _/,

14T loo 4i -jz (o? -a 40 C /-A .1930 430 .0 13414u Noo 2,4 64 l -7 a /4 a 25 / 45 C.. ' 1,326,, / {7.

.4V' 160o 2 .41 I (Io "7 .3 /4 1 4 1/ 0 / C, I 5 1 -
1 4 160 2d "Z !5 -7 3 14 a 4 0... ,7 //,Z. ,

V7 IA Z_4 1 6 3 141_ g 170 I S 6 / .0 14 l

_I_ -. - k2 i _

IlZ 1&00 Z4] Z (.6 7-. 3 "-4 -a , 11 :5 / ! ./3 . 14o , 6

2.4h lboo 24 1 &_1 17 3z . L4 -- 140 /3 3 # /0l 40 1/ f 4

00 _ 3 1 ( -4, 4 to ,o t4 I - H

1 2 II '! 19 . .J3 7 -/ 34 7

I/_ 9 241 1 .93 19a i 13- -7- .2n lo 60 ///(
W 16o 2A 31 9,o 11 3.6 33~ 1 '11i

12I- mo Z . 9 ZZ1Ps T so 3/0 -70 /0,T o4Q 4 1
12 12&aj 9 2 9.6007 I Q e i

93



GROUP I -24-Hour Periods

SIOPOGFAPHY
FIRE WEATHER SLOPE ] SP.EAD

S!-I .....

2.9 - 8"0 1-_ .5- ,,_ 7- I I I & .036 6- -/ A
1800 4 T 87 1'2. S 1/ -0 ,/0120 l ___I4
_ V 24 l2 13 S 4-o !i -L4 .14492 7 F

AB /goo9~ z~ G2 7 0 1.7 ' l ¢ o .a[ B /3 F

__ 1o,8o e -71 ?- - l? "7- 5 / ~ Q / -- _ l_ 1__ H

1 8 1 *oo Z4 C - -a7 7 z4o /0 0 .in 1 1=4 3

-I" cj~ ~ - __ .o7

(. 180o 24 7 1 2A-L. -7- 12 - . G. --
1/ _ RAo . f6 6 7 L12 /4__i, " -- - = ./ 41 .

-7 OO -I7 - 3 10-/ -- 7 ., 70

van / :zl /. L79 S /4 "- o r.--- .0¢ 4. 5 ) 9

, [ 18oo 1a 7 9 !e, 44 _. &- ,o .Lo 7 ./.S7 S-0 c)0-

&A 1 9 I Z4 -7 R 2/[4.5 /2z-- - /0 - .__ / g A0
8 11o 4 "7 Irn 241 ,- - / o /,- ti

2_ ,o 24 /! /0 £ 8 2. -- 55 1 4 ZQ. -< !. 2 Q 7 I"
1,90 124 7" 86 2--_5.6 /_ 1 - 0240 .51 14

79/c 24 - 14 it -7- "7 '4 .0/0 46.o1 -

6 1 Iffc 1241~ ?0 14/674- G

W, Sl 1 2.4 r, ?Q Q" SD 1 1 1,

f6 1o 24 .?- 1(. 4-i 2 , - /06 /0 1_ X 11a 11

16 24 ?2 16 1. 45_ j 7- ll? /!_ o 16. 15" 4116 Dii .IS" / 6 2 ' / 1 7 04 20t 1
.. .

2 41Z -. 1 - 71 I Owb.10E . 000 21 L2 ',919 - 7 7 1 6,5' 1 Z? 4

20 OO _4I 24 0- 271 7- 1, /1, _0 4

.2& 2 /? 97Z7-9. n

3AI ~ ~ _oo 241 4-9 117 . 93 /

(5 0000 2, 4183 22- 9j 46 ~/0 S- Oi42 1 491 M

W400 _/ /0 70 __I3 4(.5-j
_____ _ __ _94



GROUP IV- 'Ic,,- Periods
-OPOGRAPHY

FIRE EATH u SLOPE Sp

Fire Line * ~ ' - 'i 1f,~e

, lC o 4 5 o 2 1 -- __ / / I/.5 a4
14610 _00 Z41 -5 96 12-;,- 1 H

CM0 1~Oo241 7 60 I/Q G /Z -r__ /00-.Oo/5i f
co 4 -7 So 1/8 C. .s -7- Iso i!s 5 4 4/9 1 7

i.&,,- z00 4 r. '7 5 1 0.0 & 17 /0 - .0-11 1147 1

68 0 loo 24 G -762o201 C, - a /0 ao, 114 Ie

1&(-~c .74 (. 7- 1 0 G% 9 /00 /0 .0(, 9 ~(

_ 6to _ Z4 4/ 1 t2 4 34 AI /L4 3oo /701 f.

20 ag00 z4124 -71 I 4 R4 3 10 14- 0 6 . .4z 16 p

20 cR8-6 24 24 -77 . 4 *13 1 7Q 2/ 'Ic 06 __ f2 14 1 .

91 2 ,A 8 o 2- 412 4 7 G to0 4 8 4 -1 g: 3 5 1 3 5" 1/7 T' , 30 0 4 4 14

2 9 08 o 4 2 7 6 /0 4 4 /3 4 0 !16.- 0 /4 o 142 9 4 6 14

_c- L 4 z
4 

-73 43 1z4-. -/A 16 2,o4o 54 F

2D o i 2-424 7- )- 4 D4 6 o -L$ .0467 I ._
_E 0t0o 24z 72 /Z 4 6 5 1 9 75 /0 .&1544 21 Co

2P 0800 Z4 24 7/ 12. 4- 64 1 L2l 3 45 )q 2 _ - ,1Z417 Co/ F
2 & 0 8 0 4 1 Z 4 -7 2 -1 / Z 4 9 4 - ! 3 1 - 8 k - S @ p 14 0 - 1 0 3 o 6 F I

JA _ O0 2 8 781 7 -d P4 R 1,? I3 2 26 . ' 4 .. F

op 241129 .I~ 1 25 1.3 3011 L45! __ V/0

.( 1 8 o001 z4 16W2. 2 40 94 9 1 j.E z2 4120 -"45 0 2_
_-.3D I 8oR o 1 2 41 2-e .8 -6Q - 0 1 9 I"4 5 2 2- 4 5 114 1 \ .0 /, ,)?£

5E)0 m 24112- 76 15 4 .7 T6 ISO /7 4 /7 .i4- o9j /-
- 'QQ 21 a -9 1 1~ .! 2-1 ' -,13 19 2 ,5 1Z. ~ .

60 24o -_7 14 4.5 Z .- r 3 0 -.20 1c, LQ51 121 .N

1 D 2A 24 12 7 15 45 -227118 , 19 __el C2 --, /,? ki

6E 2w, 24_tz-7 4 5 -,1 -r'13 70b 12 3o6,QQ az 1

_L 7 / , ~2-7 Jg zo -2 4o -c 626 I_ 4,q H

6(, 240 a2- ! *1.5 2- -r6 4,.5 L .o3.94 2 9 14
~ 20 2 __Z4. _7. I' - -L -- _ 

9 ' 2AL- TA 2405 16 1 4 3i,sjistj 4 t 40 12- _? I- -L4 [--Lg.0/2 co4



GROLT ''-~"1- tur Periods

W.PRAPHY
FIRE WEATHR SPE SPFEAD

--- -- [,'OW.N I

Na . p ti

9(0-76 2400 - 1 ,6 R 45 29 - / 7S Ra-p . 0

I - 4m.- _

70 128oo 24 1682 164.5 -- 93 -7-1 /O .~ F, 1 I

-7 2 0 4 7 03 ,5 4 51 91 -6 l ,oo i 19 - e 1-. 351 H

:240 , 0 24 j 9 z1" 4 .f- 1 , 0 , O I

__ ~ - Pi z 29i ~Ld~

98 /A400 -a4 /6 1 ,4o e 13 I /0 - .Q70 26 r-
.38 aII -2!j 16..~ f/ J'oa a_ /3 &1__1 _ 31

5C- 160o; 24 /5 91 4o '0 //Sl - /0o .14 0 1 H

-I-
30 /80 2.4 I6 f/ a4 00 1 .07 14tE IRO0124, -A q 1 / a I le /o...- 0 145 " H

91 A724Q69 1 6' -T j 2 Q. .. 020g7 5"? F
1 0600 124 72,46. 7 Co -/-.-416 2.4 F

- C( oI 72 '4A 7 R a / 11661-.03 27 F
L- 7eoI= z 4a 7 8 13 11 1133 3.

2/e 00n12419 7 ~ -0 -7 - 0 1

_ f 2 nro Z5.4 / 7 4n, .7 R I d9

iZ 06I '2 o7'5..5 (G s

I I

IZ Z4 /Ronf- 2, /# 7.// /

1219 0 09 06/14 6



GROUP IV-24-Hour Periods

-I -~ If OPOGRAPhYK FITSWXT~ SLOP

Rire WIreTw :o s A JRH t I BI %Sktc Rafj -

!Io 2&49o 2-4 1 &7 3 4- 6. n 1-2/ __ 2_ 6 / 6 0IZ

2 n / oo 24 67 34 12 H 31L 5 1.5 /0 /0 .'" .02/p // H

2-,/800 24 AL.67 34 . /Z 2 l io -7i6 o22n /5/ ,q

un 24 , 11 7 1 349.0 A ;.o JO l /O 20 /0 0 Zr -. 122- A

ze 1,9o 24 (. 1,9 .0 L d. H '21 .40 lo 1:5 1. _ /lf 4 6

_2 69~,x~Li~~Ld o~~i

I 2 / o2 
' , /o 

! o.

2 T! /0 - 7 ,34 6>. 01 /2- q 30 j/0 ---,1-- .oI6 11 9 /

vE2LLH 4~L t_6-

2 M A io o R . /I 14 3 0 / 0 - -- .0 / .2 / 1 6 1

121 A91. -4 0 24-2-0- 2 -, 5_

2, 18oo 2f 4i 7 J4 R o /Z #I /W 1-- 1 .39._._

25 /.-Oo 24 1 6 7 1341 8 12- _L _ 1 27 .

2 1e/#oo 24 . / l - 2.- ./7 S jL

S7 -34.,-T Igoo 1:24 6 a4 g 12. 1 A/ /oo .-. .,r-7 1

12- Ii'0 2 1 ;7 134 2 -0 - : X / 01 16 rLtLV.!O /goo 24 6 ,734 9.0 " /Z " 0 II 1,0 1 -,N... ¢ 1-0 1 39 l

2F /goo 2.4 -6.114 g /0 4 ! 5 2O 1

311 '/O !_ ". .. ;.-.,- 2 7/7 3 __ IL]

jT' /go2,1o& A , 007f4

/g 6l - 1? .'o 1.04 5

10 1,06Q 24 '31 6 : . . 5 A 2 - o 1/6 1-9

. , {24-- -6-....0o /V _

3Ig,24I 3 4I441V I A? !5 /.h R 0 6 0 13(

3I 1 ol .1 ..4 3 6 7o /H ., - .oo9 /2/ F

__3d 19 24 3 I4 44 9.5 5L . /V 15 ,oo_' /o/ "

97



GROU '-* ,ur Periods

'1OPOGRAPHY
FIRE WEATHEE SLOPE 1F 0 SP.! -' I

Fre Lne Tt~rO H ~IW~r-d %. -,* % - _ -4r Pfx,o. '. Stan ,.w e. RHp StiCkI BI F0U. clat.A SkotcA a t,

JEe4 //~ 1 - - ,c -'.cos?. c0/ _3.9 /goo 24. 3 64 44 _ 1/00 /0 ._ .005__/

2c, -4 4 Qo -- 05 .s 4 '

I oo 241 a 444 e.6 I S20 / Apo_/<. /. 060 10

3 A1 1 -24 3 14 44 u 9 H 92 - -i -- .o_
8' /goo 124 3 fS.4 44 A. i5 S; // (20 --0 0O7 / -917. ,

Rj: H 3-5' 14/0/ 15 /0 ?c"- .60 (9 1/(0

J3~j24 364 44 6? 6 ~ ' :f:0-0/

's /0o -4 3 64 44 6.6, 2 9 50 /0 /0 _ i1 oR[ 0

,oo .4- .3 o ,4 449.5 6 -2 ! - o / 0-

13, oo 24 3164 1-44 Is S 1-2 g/ C

- A'I IR00 24- 31 6444 A' 6-' jq 13 CQ /0 2_ 0382 /47~ 0

Z1/' ,8Co 24- 3 _4 4 .5 // S i. -- 1 19 CJ

3 lg0oo 1 j1 -: 6-4 L-/ R . . 0 - ,r,o 1- 4.,3<CA /76 o

_ ' , _ .5 ,. s l A' 4 5/ , ', I 0 " - . 1/ i

_5- ,-oo_4 3 -4 44 -1' 4 HIo _ .o3gz 176- o

i_ _ls I i/oo_-- __ __'

p30'l 1oo 2 3 64 4w.6 S 11 ) 3 2 /0 50360 /...I

I8QQ...lb 24 .316414 96 51/ -d lo .5c lo 16 /1,% 0 I

k ' , o ,24 -13 !414 ,,._ S I 4.o!5 !/,_ :?o

3 I Ic i 6 3 Ho 4 41pSa./0 4 4

I'm Igo"~ _5 A' 1_ 14 0o

/g'Ioo I24 - 1 z j S 36 /0 // t)39,1~ 0 1 3,5 0
_ qo2 3144 2! /0 ' 5 .4300 2r. L20

3 91 Mo I 2-- 3 4. i~ 5 i h .50 / i'0 0- //(&,, 0

3-r 1,0o ?- J I-fI4I!Z _JLA ,/)0 1,3406 l /2201

98



GROUP 7" -? o- Periods

FlaE WEATHER SLO)PE SPFEAD

i"~~~~U I ______ __ __

FiLne ItneaJfJ~ Mr indT,4RH Istik BI % rzp % _ Sec Rate p w

ALo l .4 Q /go z S 4 Z_ _6 a 81-7 ___/ Q g7 7

46_ /9_ _00 .24 i 3 17. .0666 1 ?. 01

AL4.$ / T 243 -S_ /662176.(01/.07 5dd

4 __gi 2-f131&S %; S C N 1_0.09 ?

_'4 _ '&, 4 13 11' e 6 0 0 9

Ad$024 7 6 _/0 .060 : 0

41 -~ 2-43O .- -S 6 ,6 - .0f S

-4M 160o 124~ b1 96 3,91~7 6 1 'S A17_ 141



GROUP 1. -Z Periods
lfOPOGRM*Y Ii -

FIRE WEATHER SLOPE I S-,FAD

No.e Lme d ~ ~ M&UEL MDAe e
IaF. I %tr I 1. - w, IM-7k1B 4*e kth Rt

lot I cI ;e00 iei s u I .4.,g _ 7 l. 1 o 7 1 9 Q

0 I 21a 04 1 i .
C3E 1-dL4 -gL -Y r h 7 /00L- .0079 631 o1

.. ,, _24 44 6 7 /Ion 0,.- 7 0
9'! /00o 24 R S o44i R -_ --

ye ~ ~ ~ L.. .037. -141 0
_ 2_oo t2__ e 8.o 44.

/90 1'8o 24 e Io 4 S 7 CO/ G7 0
/031 I o1, 124 16-7 6- /,S Z H /00 -- . -72 4-

je co, 14> . /0 -§ /1 11* 10<992 _0

,1i0oo0 Z.4 9 .6>6 8 /a 3 1 /00 -- dLRS .0 3%L, oo 24 . /0 .3 // /0>- _179 ,1_4

2A8 Ooo 24 -57, 6,, Ito z H 160 '-7 Qoz 14./

14 230o 1 4 4& A 69 L ,/0.oo , .nla, ii

:A2! /0o 24 1 7 8 . 2 &. -7 -11 .H72 17 6 H

2. 0o00e 24 6 k9 /31.5I2z q 0 0o 7.077 / W I

156. wo .14, 6 65 6 , 4 ' ~ 76 ./,5 1_- q.11 _46

12k-;0000 24J -.q a /.1 2 L .- 22 S1o o -6 -07Z 16-1

1-aOoo 12411 R( yP /162. s~o 2I 21L ___ 13_
2- 000o -e4 9 7 17 - i . - _ /2 2 7 1 304 C& .5eA 1IH
2F 00o 1241 , 7 1/3(4 . --- 10 -. 077oz/ H

2 2 Ooo 24z 14 12 -7- I.371 -!!:

-_Z 2F Loo 24 U. '9 IS 4 -0I4 ~ 0 7 317/

-1 0o 4, ?7 L3 41 -- .C 93 2 0 -7- 76o

2 H " 21 C O A' 9 -1 9 / 4 1I 4 2 , 1 -t / / 3 /0 4 2 - __7 g

2,101 0 i4Irj13111 J l---

100



GROUP I .o' Periods

SOPOGRAPHY
FIRE j WEAT- SLOPE S PF&D

/07 2"r0000. 6 .i -lo- 41 2o q 120 __o esc,7 q

L ICoo 44 G 11. I 201 - 5, 15 60 _ 0646 ( Y:Zf i o-14j& t61,
OC0o I2j /03 4 20 -r-- 1 /0,- -,. J14 So

2-1 2z i "

2 o /a;, /zI _ _2o- I

- caool= o 2 2 01 ), q? -lt O a

/I 1 3

26 /Af z4 z "

2(-z1 oo2 2L# 7 1--r 7 - 7- 11 1 o 1/ .ooQ / 6324 i  ,4 r Ij -6 ,7d.24 60o 9-d 3o 1 -:6 9 .03/ A

2D/4 000124 "6 94-.3/, _"6 1 7 - 1T0 mO' 25 '' .0.631 .2.

36 1o.o 24 & 8 / i "7 -r- /60 /0 - . Y2.,

4, 10z_ 41 4 7 7 4 2  7- /-
Ig 24: 4 74 _Y- 4~ /0 oZ79 1124 F-

Lef z l 2 7 7 2-91: 7 -7 - 1,so : .3/ 1o .6.o -v- //,5 p

__- 0 8 2 ? 7 ' - o0o 301 - o I
2( 0" 124. -7 - I-7- .10 2/ 2, L02_ k

000 2*' loo -26 ~ - oo42 '?Z V

2& ooo 2JL.. -7--3 7 ~z 71 _- 11~z /001

2ooo ;.2iL2. -7! -.3 -7 "- .oo= .1 Yju

_71 8 .d.1/ 7 
.

3
o27 2r2 Qn - .02/9 z R

22,0oZ;- 4 - -3- -717 70 2 A04/ 2

3Al n L2 62i .3/o7 -r-1?1 ijgn -so ___z' SE_0? _

2NIO00 : 7 3 -2 -7 7 -- /0 .3



GROUP -?'-Ko; r Periods
i qOROGRAPHY

FIE WEAT =-SLOSPE

Ftre t.me Tin'o; NW AW1~ ~t
No. No0 Sta..t 4%- -L -H -tk __Fat_ t

/0 3I 6 9 ___

±~V~ _: 6? -z/ -7~.. 4 - 0~ 1

" -7 __'IJ i [ I i I.
___4~oo~ -9 -/: I ___ £-]9 .- _ !._o z - I

o0o 4 ,,69 91 1 z 7 _ /6 7n_

3F oooo ze, 3 91 # 20 7 10 -r 11/0 11. 0/ 4/ 0

4D& ooo 2, 4 -/ "7-r /0 06 .0/7 74L

4E oooo 24 4 9L ,Q .a. ,0 .0/60 -7

Oo t--4 98 4171717 o' 0'

00001241 /4 9C0 1_7_7 _ o

ri'~i I r I Z

-< 00 1-44 9~9i ;4- N -7 7_ -r6

T-F-I

~ t fOI2 -L

IK~Q ,1 'i ! 1 ,Q !1'~ .... . a - '_ 7

Ii - 4t -7 ~1-A--f2 O0



Appendix E

Urban Fhve Spread Data

BUILDINGS
The following tables contain rate-of-spread and as- T.- Type of building Numerical code, I to 4, to rate

sociat'd daa for large city ares. There is no standard type of building construction and massiveness
leng" n of time (vc wnkch thc rate of spread was calcu- B.- Builtupness. Percent of tol] ground area oc-
tp'.d. For each fire studied, a rate of spread was calcu- cupied by buildings.
.ated ".gienever two cos.secutive locations and times could S. Numb'r of stories in buildings.
v.- :.:tt:6ed Locations and times were noted more or V.. Stiucilm: . ,me Numerical expression of rela-
iess ,t random in the fire reports. Often th;s was when a tive rate of f,,e spread thdt integrates the factors of build.
par.icularly large or historic building caught fire. Actually ing t'"e, builtupness. and number of stories. Structure
inis probably pegged he fire location accurately. Such value is t tent.tive rarig of urban fuels as to relative
defiu;;e landmarks are rare in most wildland areas rate of fire spread To rate any city area ifuel), identify

the proper index number-l to 4. as listed below-for
each of the three fuel factors. Record the numbers, then
add them. The sum is the Structure Va!ue in a scale

Explanation of Table Headings ranging from 3 to 12. The smaller the sum. the greater
the relative rate of fire spread to be expected.

Typc of Building
FIRE 1. Light wooden

Name: City and State where fire occurred. 2. Heavy wooden
Date: Month, day, and year during which each par. 3, I.ight stone or concrete

ticular fire spread occurred. 4. Heavy stone or concrete
Period of Spread: Time of day fire arrived at a cer- Bii",upness

tain location and time fie had spread to a location far- I Very heavy (40 percent or more)
ther on. Spread might be by spotting (firebrands) or 2. Heavy (30 to 39 percent)
ground spread as noted in Remarks. 3. Medium t 20 to 29 percent)

Rate of Spr',d: Rate of fire spread, tn miles per 4 Sparse (less than 20 percent)
hour. Number o! Stores

WEATHER 1. One
Temp.: Dry bulb temperaturc, in degrees Fahrenheit, 2. Two or three

usually for the beginning of the Perioi of Spread. 3. Four to six
Wind speed- Measured wind velocity in miles per 4. Seven or more

hour. TOPOGRAPIIY
Wind dir.: Direction wind coming from to eight Slope Genemt flop... inc grounJ and direction

points of the compass. Fire spreading up slope is ... , ire spreadint. cown slope
Rel. hutnid.: Relative humidity in a standard U.S. is -. Fire spreading on level ground is 0.

Weather Bureau thermoscreen, is percent REMARKS
Dryness: An adjective description of the weather R.,mar'ks: Short statement, Aimeo to help interpret

factors before the fire which may have inSer,ced the the data Usually indicates whether spread was by spot-
moisture content of fuels at the t;me of the hre. ting (firebrands) or ordinary ground srpead.

I .,
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